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Kraft offers the dairy industry a 

HOW KRAFT wide variety of these ingredients 

for manufacturing ice cream, 

sherbets and frozen novelties. 

SERVES THE Each Kraft stabilizer and emul- 

sifier is produced to meet Kraft's 

high standards and 

DAIRY IN DUSTRY is designed to fill a 

specific dairy need. 

Accordingly, 

WITH STABILIZERS 

that the dairy's 

end product will 

AND EMULSIFIERS 
goodness. 


STABILIZERS FOR ICE CREAM 
KRAGELEEN ICE CREAM STABILIZER. Used in any ice cream 
mix fo; vat pasteurization or HTST where the mix is preheated. 
Made from Kraft’s own specially processed Irish moss and 
designed to properly stabilize the mix and give it good body and 
a creamy melt-down. 

KRAGELEEN FL. A special formula, developed specifically for 
HTST, to produce a top-quality ice cream. 

STABILIZER FOR SHERBETS 
SHER-STAY SHERBET STABILIZER. A new Kraft develop- 
ment for stabilizing sherbet, Sher-Stay reduces spurting and 
improves texture and body. 

STABILIZER FOR FROZEN NOVELTIES 
KRABYN STABILIZER. In new instant form ... an excellent 
stabilizer for frozen novelties, designed to produce a smooth 
texture, proper viscosity and prevent the growth of ice crystals. 

EMULSIFIER FOR ICE CREAM 
KRAFT'S ICE CREAM EMULSIFIER. Kraft Emulsifier for ice 
cream and frozen confections. The 100% emulsifier that gives 
whipability to ice cream without interfering with efficient freezing. 
It improves texture and makes a dry ice cream. 
EMULSIFIER-STABILIZERS FOR ICE CREAM 

KRAFT EMULSIFIER-STABILIZER. This combination product 
functions as both a stabilizer and an emulsifier and offers the 
advantage of handling only one ingredient. It allows freezing 
the mix immediately after processing and gives better control 
of over-run. 


KRAFT 17 ES. Combining the advantages of both a stabilizer 
and an emulsifier, this ingredient produces a dry ice cream, | 
controls over-run and is uniform and economical. 


To obtain free samples for classroom work, ask your Kraft Man or write 
KRAFT FOODS DAIRY SERVICE DIVISION 
CHICAGO « NEW YORK e GARLAND, TEXAS e SAN FRANCISCO 
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PEOPLE AND EVENTS 


E. 8S. Estel Dies 


For 43 yr. E. Este, was secretary-man- 
ager of the National Dairy Cattle Congress 
at Waterloo, Iowa. He died August 3 at the 
age of 73. 

Known personally by dairy cattle owners 
and showmen throughout the land, Estel was 
largely responsible for building the Dairy 
Cattle Congress into the world’s leading dairy 
eattle show and farm machinery exhibition. 

When he graduated from Iowa State Uni- 
versity, in 1910, the Dairy Cattle Congress 
was a small, one-day celebration. After serv- 
ing for a time on the Kansas State dairy 
staff, Estel returned to Iowa as assistant 
field seeretary of the Iowa State Dairy As- 
sociation. An untiring promoter, he assisted 
in establishing the Dairy Cattle Congress as 
a permanent show and was elected assistant 
secretary-manager, in 1915. Two years later 
he became secretary-manager. 

From then until he retired, in 1958, the 
show prospered under his expert guidance 
and energizing foree and, today, the eight- 
day exposition is the site of five national 
breed shows, the National Intercollegiate 
Dairy Cattle Judging Contest, the National 


4-H Dairy Cattle Judging Contest, and the 
National FFA Dairy Cattle Judging Contest. 

Many of the policies inaugurated at the 
Dairy Cattle Congress have become univer- 
sally accepted in state and regional shows. 

A dedicated servant to the entire dairy 
industry, Estel was one of the founders of 
the American Dairy Association and was 
chosen its first permanent secretary, serving 
from 1940 to 1947. For his contribution to 
the dairy industry, his portrait was hung in 
the Dairy Shrine Club at Waterloo, in 1953. 


News from Connecticut 


H. Parricta MacLeop, Assistant Professor 
of Dairy Bacteriology, and R. G. JENSEN, As- 
sistant Professor of Dairy Chemistry, have 
received a research grant from the Public 
Health Service to study the lipid metabolism 
of streptococci. The grant, which will con- 
tinue for 3 yr., totals $16,000. 


Nebraska News 


The Department of Dairy Husbandry will 
sponsor a Buttermaker’s Short Course, be- 
ginning October 10 and continuing through 


FOR TECHNICAL HELP... 


¢ In addition to supplying you with high quality 

chocolate flavorings and coatings for your ice 

cream, The Man From Blumenthal will gladly: 

1. Discuss prices and prevailing market conditions. 

2. Arrange for his laboratory to perform special 
services that can only be handled by a lab 
staffed with chocolcte technicians and equipped 
with the latest analytical and pilot plant equip- 
ment to produce special types of chocolate 
for ice cream. 

3. Refer your problems to one of our consultants 
specializing in technical ice cream problems. i 

4. Conduct research on new ideas suggested 
by you. 


BLUMENTHAL BROS. CHOCOLATE CO. 
MARGARET AND JAMES STS., PHILADELPHIA 37, PA. 
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equipment. and 
highly developed pefsonnel at every | 
of operation. But. iti the balanced 


adheren india 

customer specifications. 
part of our continuous 
research program, we 


INTEGRATION— 
«THE INDEFINABLE 
Suecess in any corn refining operation 
EL MENT depends on many equally vital factors: 
progressive corn agronomy: at 
| 
working in over 10,000 food : 
AMERICAN MAIZE-PRODUCTS COMPANY 


FRODEX® or 
CORN SYRUP 


GIVES ICE CREAM 
BUILT-IN 
PROTECTION AGAINST 
HEAT SHOCK 


From ice cream plant right 
to the.dinner table, 
AMAIZO,Frovex or Corn 
Syrup guards ice cream 
against frequent handling 
and too-high storage tem- 
peratures, preserving its © 
frosty, “just-made” good- 
ness. Pioneered by Amer- 
ican Maize, this outstand- 
ing stabilizer for all types 
of frozen desserts (ice 
creams, sherbets, water 
ices and frozen novelties) 
also gives smoother body 
and sparks flavor. It adds — 
to the nutritive food solids 
content. Impressive 
savings in productioniare 
possible, tooManufac- 
turers who prefer liquid 
handling use AMAIZO 
Corn Syrup; those who 
‘prefer dry handling use 


AMAIZO Fropex. 


For full information write our Tech- 
nical Sales Service Staff in New 
York or any of our sales offices, 
without obligation, of course. 


ATLANTA + BOSTON « BUFFALO 
CHICAGO + DENVER + GRAND 
RAPIDS « HOUSTON + LOS ANGELES 
PHILADELPHIA « PITTSBURGH « ST. LOUIS 
ST. PAUL » SAN FRANCISCO « SEATTLE 


AMERICAN MAIZE 
PRODUCTS COMPANY 


250 PARK AVENUE © NEW YORK 17, N.Y. 


October 14. It will be held in the Dairy In- 
dustry Building on the campus of the College 
of Agriculture at Lincoln. Aside from a 
planned program, the staff members of the 
Dairy Department ‘will be availakle for con- 
ferences on individual problems. 


Pennsylvania News 


Susumu Apacul, a Japanese dairy scientist, 
is conducting research at the Pennsylvania 
State University under a 1-yr. fellowship from 
the Rockefeller Foundation. Adachi is Asso- 
ciate Professor of Dairy Science at Tohoku 
University in Sendai, Japan. 

He is working in the dairy manufacturing 
laboratory of the Department of Dairy Sei- 
ence in association with D.V. JosEPHSON and 
Sruart Parron. He is also making a Jap- 
anese translation of the textbook Principles 
of Dairy Chemistry, by Jenness and Patton. 
The book, published in August, 1959, is the 
first textbook of its type published in the 
United States. 

Adachi was the first researcher to show 
the conversion of lactose to lactulose in evapo- 
rated milk. Lactulose is a rare sugar. His 
special area of interest is browning deteri- 
oration of foods, especially sugar degradation. 


Government Personnel Changes 


W. I. Parrerson, formerly chief, Dairy 
Products Laboratory, became on July 1 As- 
sistant Director for Foreign Development, with 
headquarters in Washington, D. C. 


W. I. Patterson B. H. Webb 


B. H. Wess resigned from the National 
Dairy Products Corporation Research and De- 
velopment Division to join the Eastern Utili- 
zation and Development Division as Chief of 
the Dairy Products Laboratory: He was for- 
merly a member of the staff of this laboratory 
before joining the National Dairy Products 
Corporation. Dr. Webb has made significant 
contributions to the technology and physical 
chemistry of concentrated milk products. In 
1943, he was awarded the Borden Gold Metal 
and $1,000 in recognition of his scientific 
contributions. 
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Systematized Sanitation All Over the Nation 


BELOIT, WISCONSIN 


Carl R. Brewer to New Position 


Cart R. Brewer, formerly chief of the Re- 
search Division, U. 8. Army Chemical Corps 
Research and Development Command, Wash- 
ington, D. C., has been appointed chief of 
the Research Grants Branch, Division of Gen- 
eral Medical Sciences, National Institutes of 
Health. 

In his new position, Dr. Brewer will super- 
vise the administration of the DGMS program 
of grants for research in the sciences basic 
to medicine and biol- 
ogy, in environmental 
and public health, and 
in certain clinical sei- 
ences. The Research 
Grants Branch also su- 
pervises the DGMS 
Russian Seientifie 
Translation Program 
and the Clinical Re- 
search Facilities Pro- 
gram. 

Dr. Brewer was born 
in Indianola, Iowa, in 
1912. He received the 
B.A. degree from Simp- 
son College in 1934, and the Ph.D. degree in 
physiological bacteriology from Iowa State 
College in 1939. From 1939 to 1942, Dr. 
Brewer was a lecturer in bacteriology at Me- 
Gill University, Montreal, Canada. In 1942, 


C. R. Brewer 


| he went to the University of Maine as assist- 


ant professor of bacteriology. The next year 
he beeame a research chemist at Lederle 
Laboratories. 


In 1944, Dr. Brewer was named chief of 


the Bacterial Nutrition Branch of the U. S. 
| Army Chemical Corps Biological Laboratories, 


Fort Detrick, Frederick, Maryland. From 
1946 to 1952, he served also as a part-time 
member of the graduate faculty of George 


| Washington University. In 1953, he was named 


chief of the Allied Sciences Division at Fort 
Detrick, and in 1956 was appointed as chief 
of the Research Division, U. S. Army Chem- 
ical Corps Research and Development Com- 


/ mand, Washington, D. C. 


In 1945, Dr. Brewer received the War De- 
partment’s Exceptional Civilian Service Award 
for developing and leading a program on the 
nutrition and physiology of pathogenic micro- 
organisms. This program succeeded in devel- 


oping some of the first chemically defined 


systems for the growth and metabolic study 
of highly infectious microorganisms, leading 
to improved specific knowledge of infectious 
disease. 

Dr. Brewer is a member of the Sigma Xi 
and Epsilon Sigma fraternities, and a member 
of the American Society of Biological Chem- 


_ ists, the Society of American Bacteriologists, 
and the American Academy of Microbiology. 


His research interests include bacterial me- 
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FOR 
SANITATION 
RESEARCH 


INVESTS 


DIVERSEY 


Research—the yardstick by which we 
prepare for the future—is of first impor- 
tance at Diversey. Last year our expendi- 
tures for Research and Product Develop- 
ment amounted to about 25c of every dol- 
lar of pre-tax earnings. 


Much of this effort is aimed at applying 
electronics and atomic physics to Dairy 
Sanitation. Advanced research like this 
has led to improved techniques for evalu- 
ating results of C-I-P cleaning, for in- 
stance. 


In new-product development, an exam- 
ple of Diversey’s many contributions is a 


new non-foaming conveyor chain lubri- 
cant—DIcoLuBE SL. This lubricant pro- 
vides cleaner, more smoothly operating 
chains and eliminates the problem of slip- 
pery, hazardous floors along conveyor 
lines. 

By constantly searching for better prod- 
ucts and methods—solving the small 
problems as well as the large ones— 
Diversey advances the science of dairy 
sanitation . . . helping to insure quality 
milk and improve dairy efficiency. Per- 
haps our experience can help you. The 
Diversey Corporation, Chicago 13, Illi- 
nois. 
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Modern Sanitizer and Cleaner 
Provides Extended Bactericidal Activity 


Extensive lab tests and dairy experience 
conclusively prove that PENNSAN is an 
effective sanitizer. Further, it retains its 
bactericidal power even after drying on 
stainless steel for as long as 24 hours! 


J REDUCTION IN BACTERIAL COUNT 
AFTER EXPOSURE ON STAINLESS STEEL 


1 hr. 4 hrs. 7 hrs. 24 hrs. 
ESCHERICHIA COLI 
Trial 1 100 99.2 100 99.5 
Trial 2. 100 99.2 99.6 98.9 
Trial 3 99.6 98.2 99.2 100 
MICROCOCCUS CASEOLYTICUS 
Trial 1 98.9 99.5 98.0 100 
Trial 2 99.5 96.5 98.5 100 
Trial 3 100 94.5 99.0 99.5 


PENNSAN is the superior bactericide 
serving modern sanitization. It removes 
and prevents milkstone and films, works 


in even hardest water, brightens and con- 
ditions stainless steel, controls bacterio- 
phages without affecting starter cultures. 
PENNSAN is a unique chemical sanitizer 
—a new concept to serve more sanitizing 
and cleaning needs. 


Write now for free booklet to B-K Dept. 
PENNSALT CHEMICALS CORPORATION 
East: 3 Penn Center, Phila. 2, Pa. 

West: 2700 S. Eastern Ave., Los Angeles, Cal. 


Pennsalt 


Chemicals 


ESTABLISHED 1850 
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tabolism and nutritional requirements and in- 
termediary metabolism of pathogenic micro- 
organisms, on which he has written a number 
of papers. 


Cherry-Burrell Appoints J. H. Brinker 
Vice-President 


J. H. Brinker has been appointed executive 
vice-president of the Cherry-Burrell corpora- 
tion. He held this same position with the 
J. I. Case Company, 
resigning last July. 

Prior to his affilia- 
tion with J. I. Case, 
Brinker served as gen- 
eral manager of A. O. 
Smith  Corporation’s 
Permaglas Division in 
Kankakee, and then as 
vice-president of A. O. 
Smith Corporation, Mil- 
waukee. Before World 
War II, he was sales 
engineer at the Pfaud- 
ler Company, Roches- 
ter, New York. 

A graduate of Evanston Township High 
Sehool, Evanston, Illinois, 1932, Brinker re- 
ceived his A.B. in economies at the Univer- 
sity of Rochester, New York, 1936. In 1947 


J. H. Brinker 


he graduated from the Harvard University 
School of Business Administration with an 
M.B.A. degree. 

During World War II, he served in the 
U. S. Navy from April, 1942, to September, 
1946, and was separated from active duty 
as a Lieutenant Commander. 


Borden’s News 


The retirement of M. A. Guascow, admin- 
istrative vice-president of the Borden Foods 
Company, after almost 29 yr. of service, has 
been announced by T. O. Horman, president. 

Mr. Glasgow, who recently moved to New- 
ton, New Jersey, joined Borden’s in 1931 as 
a special automotive cost accountant in the 


Projects, Consultation, and Production 
Control Services in 
Biochemistry, Chemistry, Bacteriology, Toxi- 
cology—lInsecticide Testing and Screening. 


Write for price schedule. 


WISCONSIN ALUMNI RESEARCH 
FOUNDATION 


P.O. Box 2217-X, Madison 1, Wisconsin 


When Farmer’s Cooperative Creamery, Madison, South Dakota 


installed the Mojonnier Lo-Temp Process 
in its entirely new plant, 


it became the 
WORLD’S 
FIRST DAIRY PLANT 
TO BE BUILT 


WITHOUT A BOILER! 


No boiler — no steam — no 
water — no water disposal 
problem is the modern day 
achievement of the Mojonnier 
Lo-Temp Evaporator — Spray 
Dryer System. Using the heat 
pump principle, the system 
produces 825 pounds of pre- 
mium grade nonfat dry milk 
per hour at Farmer’s Coop- 
erative on a continuous 
production basis. Features in- 
clude in-place cleaning, re- 
tention of maximum Whey 
Protein Nitrogen values, 
pushbutton operation, and 
lowest production cost per 
pound of dried product. Milk 
is evaporated at temperatures 


Above: A primary feature is that the steel framework which supports 
the Lo-Temp Evaporator and Spray Dryer equipment also supports the 
low cost outer sheathing. Arrow points to completed structure. 


below the cow’s body tem- 
perature. 


Z QUALITY ENGINEERED FOR ECONOMY 


Full details are in Bulletin 372-18. Write for it today 
MOJONNIER BROS. CO. 4601 W. Ohio St. Chicago 44, Illinois 


iet_LO-TEMP PROCESS 
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company’s general controller’s office. In 1937, 
he was transferred to Borden’s Dairy Delivery 
Company in California, where he worked on 
special audit reports. He returned to New 
York City in 1939 as sales statistician and 
subsequently was named assistant to the presi- 
dent of a division then known as the Borden 
Cheese Company. Mr. Glasgow was appointed 
executive assistant of the cheese operation 
in 1945. 

When Borden’s cheese and food products 
divisions were consolidated early in 1958, Mr. 
Glasgow was named divisional controller. In 
December, 1958, he was promoted to admin- 
istrative vice-president. 


R. C. Warren has been named director of 
sales for the Central Division of the Borden 
Company, with headquarters in Chicago. He 
formerly was general manager of the com- 
pany’s Iowa Milk and Ice Cream Division, 
with offices in Rock Island, Illinois. Warren 
started with the Sturtevant Dairy Products 
Company in 1934, and when Borden’s ac- 
quired Sturtevant he continued with the 
operation. 

The Central Division, of which Warren be- 
comes sales director, has responsibility for 
the manufacture and sale of Borden’s milk and 
ice cream in Illinois, Iowa, Wisconsin, and 


‘in 
MAKE THE 


WORLD’S BEST ICE CREAM 


You must use the finest dairy ingredients, the 
finest flavors, the finest mix processing and 
freezing equipment, the finest packaging—And 
The Finest Stabilizer—KELCO STABILIZER. 


Dariloid XL® for your white mixes 
Sherbelizer® for your chocolate mixes 


Products of KELCO COMPANY 


75 Terminal Ave., Clark, N. J. 

20 N. Wacker Drive, Chicago 6, Ill. 

530 W. Sixth St., Los Angeles 14, Calif. 
Cable Address: KELCOALGIN — CLARKNEWJERSEY 


parts of Indiana and Michigan. In addition, 
it supervises sales of cheese and other Borden 
food products in these states and several 
others. 


R. C. Beyer has been named sales manager 
of the Central Illinois Region of the Borden 
Company’s Central Division. His headquarters 
will be in Pekin, Illinois. He formerly was 
assistant manager of Borden’s operation ‘in 
the Des Moines, Iowa, area. 

At the same time, G. A. Wrper was pro- 
moted from plant superintendent to produc- 
tion manager. C. G. KircHuorr, formerly 
plant superintendent for Borden’s at Barring- 
ton, Illinois, sueceeds Weber as superintend- 
ent at Pekin. 


From the Secretary’s Desk 


The Secretary, 

American Dairy Science Association, 
32 Ridgeway Circle, 

White Plains, New York, U.S.A. 

Recently, I had the pleasure of visiting 
the United States and studying there the 
market milk, ice cream, and milk powder side 
of the Industry. Wherever I went, I was 
astounded at the kindness and _ hospitality 
shown by people everywhere in your country. 
I visited a number of dairy plants and was 
struck with the frank and open manner in 
which the techniques and problems associ- 
ated with manufacture were discussed. In- 
dustry organizations, universities, and equip- 
ment manufacturers all assisted in a most 
helpful fashion. There is a great deal that 
we in Australia can learn from the United 
States Dairy Industry, not the least being 
the cooperative effort by all concerned to 
further the development and use of dairy 
products. 

Towards the end of my visit, I attended 
the Annual Meeting of your Association at 
Logan, Utah, and [ must compliment both 
the American Dairy Seience Association and 
the University of Utah on the efficient or- 
ganization of this conference. On the social 
side, the very pleasant barbecue and the mag- 
nificent performance of the Tabernacle Choir 
will long be remembered. The campus of the 
University was indeed a perfect setting, with 
the mountains around and, of course, the 
perfeet weather. 

Having been a reader of the JourNnau for 
many years, I did enjoy meeting many people 
whom I knew well by name. Being involved 
in so many fields, my only regret was my 
inability to hear all the papers in which I 
was interested. Your thoughtfulness in pre- 
senting those irom overseas with an Inter- 
national Guest ribbon was much appreciated 
by us all. 

As a result of this visit, I have made many 
new friends and learned a great deal, thanks 
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SURGE does a 


complete job... 


To produce the kind of milk that you would 
allow your own youngsters to drink, all parts 
of your Milker Pipe Line must be entirely 
and completely clean. To splash some water 
and detergent here and there is not enough 
... it takes such a little dirty spot to provide 
a breeding place for bacteria. 

It is easy to create a great commotion with 
the water...easy to wash the pipe line itself, 
but this won’t hold your count down if you let 
the receiver pail and trap with the connecting 
line accumulate contamination. Unwashed 
spots can quickly become dirty spots... they 
become zones of contamination. That’s why 


Surge is so very fussy about washing them. 
© Babson Bros. Co., 1960 


BABSON BROS. CO. 


2843 West 19th Street ° Chicago 23, Illinois 


ATLANTA + DALLAS + KANSAS CITY + MINNEAPOLIS 
SACRAMENTO + SEATTLE * SYRACUSE + TORONTO 


MILK OR MILK VAPOR touches ail 
inside surfaces of a pipe line system 
during milking. Top of milk lines, bot- 
tom of receiver and dispenser covers 

. even vacuum connections to traps 
collect some milk film through splash- 
ing or condensation. 


WASHING SOLUTIONS must not only 
touch all inside surfaces of your pipe 


line system, but . . . must circulate 
with enough velocity to get surfaces 
CLEAN. Simple soaking or splash-wash- 
ing is not enough. 
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When You Want the ONE 
Stabilizer or Emulsifier 
most useful to YOU... 


National PECTIN 


It’s Just Like 
Having An 


Extra Man In Your 
Quality Control 
Department 


You actually get two-for-one service in 
dealing with National Pectin. First, you 
get a personal, highly specialized service 
to help solve any dairy production or 
quality control problems. Second, we'll 
help you select (from the widest possible 
variety of stabilizers and emulsifiers) the 
product most suitable to your needs for 
frozen dairy products or cottage cheese. 


We Invite 


your problems. 

The entire staff and 
complete facilities 
of our laboratory are 
at your service, to 
assist you in producing 
a better product 

more efficiently. There 
is no cost to you... 
no obligation. 


National 


2656 W. CULLERTON ST. CHICAGO 8, ILLINOIS 


to the people in the Dairy Industry of the 
United States. I can assure a warm welcome 
to any members of the Industry from your 
country who may visit Australia. 


Yours sincerely, 


DerREK SHEW 

Paul’s Ice Cream & Milk Ltd. 
P. O. Box 12, South Brisbane 
Queensland, Australia 


Letter to the Editor 


I have read with interest the opinions of 
several members of the A.D.S.A. regarding 
the publication of the Interpretive Summaries. 

Is it not considered desirable that research 
workers bring the results of their work to 
the attention of as many people as possible 
who ean utilize them? If so, does working 
in a union of scientists mean that whatever 
we do, say, or write must be intelligible to 
only another scientist? I believe we can 
better serve our association, industry, and 
nation if more individuals know us and our 
work. I think that these interpretive sum- 
maries are utilized by scientists to determine 
whether the article is of sufficient interest to 
warrant reading. On the other hand, the 
layman, by reading these summaries, may be 
encouraged to explore the scientific presenta- 
tion. 

Questions have been raised relative to the 
time required of scientists to write the sum- 
maries, and the financial aspect of publishing 
them. These elements, when considered in 
view of the time and money spent on doing 
the research work, would be infinitesimal and 
would be more than justified. in view of the 
service they may render. 

I support the continuation of the summar- 
ies as consistent with the objectives set forth 
by the committee on publication policy. 


Kuem M. SHanani 

Associate Professor 

Department of Dairy Husbandry 
The University of Nebraska, Lincoln 


Dairy Technology Societies 


Central Michigan—The fall program opened 
on the evening of September 21, at the High- 
Life Inn, Saginaw. Guest speaker was WortH 
Weep, Foote & Jenks, Jackson. Mr. Weed’s 
topie was Dairy Diplomatic Corps, and re- 
lated to some of the problems encountered by 
the Dairy Society International. 


Kansas—The September 12th meeting fea- 
tured: W. H. E. Rem, Dairy Department, Uni- 
versity of Missouri, as guest speaker. His 
topie was Views of Milk and Milk Products 
Factories in Several European Countries. His 
lecture was illustrated with a fine collection 
of slides, and was thoroughly enjoyable and 
highly informative. 
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CONSUMER APPEAL! 


Lactose gives fluid milk products the flavor and appearance that makes them stand 
out sharply with the consumer. Here’s what pure milk sugar will do for you: 


BUTTERMILK Lactose returns the ‘“‘old fashioned’’ goodness, tangy aroma and mel- 
lew smoothness to buttermilk. It tones down acid sharpness without affecting natural 
body development. 


skim mitks Lactose builds an exciting new taste identity. It improves the body, 
adds a slight sweetness that has proved highly desirable to consumers. Chalkiness, 
staleness, and uninteresting flavors are eliminated. 


CHOCOLATE DRINK Produce a smoother, richer tasting chocolate drink with Lactose. 
Tests conducted by local dairies prove that low calorie chocolate drinks with a1% fat 
base and 1% Lactose are equal in richness to a 2% fat base. Take a good look at 


Lactose! Send for complete information today: Technical Service, Department 57F. 


“Aactose | 


WESTERN 
CONDENSING 
COMPANY 


Appleton, Wisconsin 


World's Largest Producer 
of Lactose — Pure Milk Sugar 
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Push-button control with Cherry-Burrell Automated Systems 


Hold manual operations to a mini- 
mum. Make the most efficient use of 
the man-hours you're paying for. This 
is the most effective way to increase 
production, reduce operating costs, 
increase in-plant profit. 


TAKE FLUID MILK PACKAGE HANDLING 

With a Cherry-Burrell automated sys- 
tem, manual operations in the package 
handling of fluid milk can be brought 
under push-button control. Convey- 
ing from the unload area, unstacking, 
conveying of bottles and cases to 
washers. Filling, casing, stacking and 
conveying to load-out or refrigerated. 
These operations can be automatically 
controlled from strategically located 
control stations. 


You can begin installing your system 
where present costs are highest — 
easily and economically expand as the 
need for greater efficiency arises. 


PLAN WITH CHERRY-BURRELL 

Installing a Cherry-Burrell automated 
package handling system calls for care- 
ful planning. The program must be 
laid out precisely — the system accur- 
ately designed to your specific re- 
quirements. Each piece of equipment 
must be looked at in the light of its 
place in the over-all system. 


A Cherry-Burrell Sales Engineer can 
help you start this vital planning now 
. . . planning that results in an auto- 
mated system best suited to your 


present needs and one which can be 
easily and economically expanded in 
the future. 


Write for a free copy of 
Cherry-Burrell’s new 
Automated Systems Bulletin 


-BURRELL 


CEDAR RAPIDS, IOWA 


Profitable Brands Start with Cherry-Burrell 


SEE AUTOMATION IN ACTION AT CHERRY-BURRELL’S DAIRY SHOW 


BOOTH NO. R-240 


CHERRY 
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Philadelphia—New meeting place is the 
Drexel Institute—Picture Gallery Room, 31st 
& Chestnut Streets. New officers for 1960-61 
are: G. D. Weper, Sr., president; E. W. 
Cook, vice-president; DUANE PULTERER, sec- 
retary-treasurer; A. F. ZIMMERMAN, assistant 
secretary; and THOMAS WADDELL, assistant 
treasurer. 


Tri-Cities—Speaker at the September 13 
meeting was D. R. Frazeur, Dairy Depart- 
ment, Purdue University, whose topic was 
That’s Using the Old Nose, dealing with off- 
flavors in dairy products. 


Tri-State—First meeting of the season was 
held September 21 at the Fort Steuben Hotel 
Ballroom, Steubenville, Ohio. Speaker was 
Epwarpd GRAVER, executive secretary, Ohio 
Dairy Products Association. Officers  an- 
nounced for the coming fiseal year are: HeEr- 
MAN BOoLanpD, president; Ep MaRXEN, first vice- 
president; Jim WILLIAMS, second vice-presi- 
dent; secretary-treasurer; 
and C. J. Honer, corresponding secretary. 


Western Michigan—Program speaker for 
the September meeting was Harry Bowser, 


Kills 
Mastitis 


Organisms 


IOSAN is a patented germicidal 
cleaner that pseu- 
domonas, E. Coli, staphylococcus and 
other organisms that cause and spread 
Mastitis. Its “‘Tamed-Iodine” killing 
 eteimed has been substantiated b 
ae tests that meet hospita 
— ards. Iosan provides safe, low 
when washing udders 
and dipping te 
“Tatties” on milkstone. Iosan 
cleans and sanitizes bulk ta: 
other equipment. It +. pl = hard- 
to-remove or overlooked mula- 
tions of ones witha Stell- tale 
yellowish-brown st: that is easy to 
remove. Reduces counts to 
consistent lows, leaves equipment 
sparkling clean. 
Two-in-one product. Iosan saves time 
and labor by replacing two or more 
e-action products. Also reduces 
hot water bills because it is used in 
tap or lukewarm water. For a free 
demonstration contact your regular 
supplier or Lazarus Laboratories Inc., 
Div. West. Chemical Products Inc. 
42-16 West St., Long Island City 1, N. ¥. 
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Sales Development Manager, Dairypak, In- 
corporated, speaking on Meeting the Sales 
Challenge of the Sixties. The meeting was 
held at Finger’s Cafe, Grand Rapids, Sep- 
tember 19. 


Tamed lodine 


GERMICIDAL CLEANER: 


An Important McGraw-Hill Book . . . 
AGRICULTURAL ENGINEERS HANDBOOK 


By C. B. RICHEY, Tractor and Implement Division, Ford 
Motor Company, Dearborn, Michigan; CARL W. HALL, 
Michigan State University; and PAUL JACOBSON. Ready 
in January 1961. 


Woy 


xe 


This long-awaited handbook for professional agricultural engineers 
presents, under one cover, the theory and practice involved in the 
problems of agricultural production which are the concern of the 
agricultural engineer. The engineering approach is used throughout, 
but the style is simple and clear enough to allow comprehension of 
all but the most technical portions by non-engineering readers. Careful 
editing has maintained conciseness, clarity, and the emeatainis approach 
throughout. 


MAI 


Send for Your On-approval Copy 


McGRAW-HILL BOOK COMPANY, inc. 


330 West 42nd St. New York 36, N. Y. 
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DAIRY INDUSTRY PLANT TRAINING MANUAL 


FOR THE INDIVIDUAL AND THE COMPANY 
TRAINING FOR LEADERSHIP 


Prepared by 


THE PERSONNEL TRAINING MANUAL PREPARATION COMMITTEE 
THE AMERICAN DAIRY SCIENCE ASSOCIATION 


H. B. HENDERSON, University of Georgia, Athens, Georgia, Chairman 
F. C. Ewspank, Michigan Milk Producers Association, Imlay City, Michigan : 
I. A. GouLD, The Ohio State University, Columbus, Ohio i 
Farnum Gray, Southern Dairies, Charlotte, North Carolina ; 

H. F. Jupxkins, American Dairy Science Association, White Plains, N. Y. 
H. F. Wiuuiams, Carnation Company, Los Angeles, California 


SUMMARY OF CONTENTS 
Section I Objectives and Requirements of the Program 


Section II Training Program Schedules for Plant Operation 


1. Orientation 5. Procurement 
2. Plant operations 6. Sales and distribution 
3. Laboratory 7. Office work 


4. Engineering and maintenance 


Schedules providing for varying periods of time are provided for the above 
categories for the operation of 


1. Milk plants 4. Cheese plants i 
2. Ice cream plants 5. Butter plants 
3. Condensed and dry milk plants 6. Evaporated milk plants 


Many questions are asked for the trainee to answer before passing from one 
phase of training to the next and progress reports and rating forms are provided. 


i 
| 
Section III Management and Development | 


1. Developing skills in personnel management 
2. Developing skills in quality control and cost 


Many study prujects are outlined which are not only essential to management 4 
development but may result in savings to the plant that will more than pay : 
the cost of training. ; 
Appendix 

1. List of professional and trade organizations 

2. List of reference books, booklets, and periodicals 


COPIES WILL BE NEEDED BY: 

Plant Managers Plant Trainees 

Plant Supervisors Teachers, for a reference text 
POSTPAID PRICES: 


$4.00 per single copy 
$4.00 per copy, less 10% for 5 to 9 copies, one order 
$4.00 per copy, less 15% for ten or more copies, one order 


Payment to be sent with order 


ORDER FORM 


H. F. Judkins Date. 
32 Ridgeway Circle 
White Plains, N. Y. 


Please find enclosed $ for copies of the Dairy Industry Plant 

Training Manual. Deliver to: | 
Name 
Company 


Address 
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When Answering Advertisements 


THIS HELPS BOTH THE 
ADVERTISER AND YOU 


SYMBOL OF SERVICE AND RESEARCH 
FOR THE DAIRY INDUSTRY 


LABORATORIES, INC. 


superior enzyme preparations 


for production and research 


RENNET EXTRACT 


LIQUID AND POWDER 


CATALASE 
LACTIVASE 


Complete facilities for 
special enzyme preparations. 
Your inquiries Invited. 


4215 N. PORT WASHINGTON AVE. 
MILWAUKEE 12, WISCONSIN 


Production 
schedule 
maintenance 


FLAV-O-LAC 


FLAKES 


By using the Dairy Laboratories system of 
‘‘Numbered Blends” you’re insured complete suc- 
cess in every batch. Highest quality fresh culture 
every week keeps aroma, body and flavor uniform 
in all fermented milk products. 


Write for details in the Culture Booklet. 
THE DAIRY LABORATORIES 
Philadelphia 3, Pennsylvania 


Branches: 
New York « 
Washington, D.C, 
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prepared this TECHNICHART. It graphically illus- 


employs rapid growth of a sensitive ‘strain of 


A Division of Becton, Dickinson and Company 
B-B-L AND TAXO ARE TRADEMARKS. 


trates the basic procedure, showing the materials 


nce of antibiotics 


LABORATORY STUDIES ON HIGH TEMPERATURE-SHORT TIME 
STERILIZED EVAPORATED MILK. I. EASILY CONSTRUCTED 
ECCENTRIC FALLING BALL TYPE BOMB MICROVIS- 
COMETERS SUITABLE FOR CONTAINING BIOLOGICAL 
MATERIALS DURING STERILIZATION AND STORAGE 


ABRAHAM LEVITON anp M. J. PALLANSCH 


Dairy Products Laboratory, Eastern Utilization Research and Development Division, 
USDA, Washington 25, D. C. 


SUMMARY 


A simple eccentric falling ball type bomb microviseometer is deseribed. This instru- 
ment, which lends itself to easy construction in large numbers, is suitable for containing, 
sterilizing, and storing of milk, milk concentrates, and other biological liquids. Samples 
as small as 0.01 ml. may be processed and stored. Viscosity measurements may be made 
before and after sterilization and during storage. The operational characteristics of 
these microviscometers have been considered in the light of the empirical and semiempiri- 
cal relationships which apply to falling ball viseometers of the eecentric type. These 
relationships have been shown to extend to the very small diameter tubes and spheres 
employed in the construction of the bomb microvisecometers. The effect of the angle of 
inclination on the instrument constant has been determined and this effect furnishes a 
basis for the rejection of malfunctioning viscometers. 


Food products and biological materials, in general, which are to be preserved 
for any length of time, require sterilization. When this is brought about by 
the employment of high temperatures, deleterious physicochemical changes in 
the material may occur. An important criterion of quality modification is 
change in the body or consistency of the product. A suitable related measure- 
ment is that of the rate of shear attending the application of a definite shearing 
stress. 

The rate of shear may be proportional to the shearing stress. Fluids for 
which this relation holds are classified as Newtonian and truly viscous. All 
other fluids are non-Newtonian and are by definition only apparently viscous. 
For these, the viscosity index is not independent of the rate of shear but varies 
with it and/or with the history of the sample. 

The need for adequate laboratory techniques in gelation studies on concen- 
trated sterile milk led to the development of a microviscometric technique par- 
ticularly suitable to such studies. Inasmuch as the microviscometrie technique 
is one which may have a broad biological application in all fields where the 
determination of the viscosity of micro samples is desired, the construction and 
operation of the viscometer are discussed, along with certain relationships 
necessary for the intelligent use of the instrument. 


APPARATUS AND METHODS 


In high temperature-short time sterilization, the bringing-up time must 
be quite rapid in comparison with the short holding time. Since it was desired 
to sterilize samples in the measuring device, this criterion limited the material 


Received for publication May 4, 1960. 
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for construction of the microviscometers to thin-walled capillary tubing. The 
microviscometer was, therefore, made to consist of a thin-walled capillary tube 
and a small glass bead operating on the principles of the well known Hoppler 
viscometer (2); this permitted measurements on samples as small as 0.01 ml. 
to be made. The microviscometer also served as a bomb in which samples could 
be sterilized at temperatures above their boiling point. This permittted viscosity 
measurements to be made on the samples before and after sterilization and 
during storage, with a minimum disturbance of the sample. 

The microviscometer was constructed from tubing, the bores at the ends of 
which approximated 0.45 mm. Measurement of bore diameter was made by the 
use of a tapered beading needle and a microscope equipped with an ocular 
micrometer. For relatively precise work, tubes were selected approximately 
5 em. in length, the bores at the ends of which were the same to within 0.003 mm. 

Glass beads were obtained from the Minnesota Mining and Manufacturing 
Company’ in sizes ranging from 28-470 » in diameter. Preference in this in- 
vestigation was given to beads in the range 250-375 ». Rolling of the beads during 
transfer was prevented by impregnating the surfaces on which the beads were 
lodged with glycerol. Bead diameters were determined microscopically and 
transfers made by means of a sharp-pointed tweezer. Distorted beads were 
largely eliminated by a procedure in which beads were permitted to roll on 
the smooth base of a rectangular optical cell inclined at an angle of approxi- 
mately one degree. Only those beads were selected which traversed the cell 
from one edge to the opposite one in the shortest time. 

Tubes were cleaned in a conventional manner by aspirating through them 
in succession hot detergent solution, water, and acetone. Capillary action was 
used to partially fill each tube with sample. A leakproof closure of the clean 
end was made by sealing around a glass bead positioned in the end of the tube. 
The trapped air cell in the tube was removed by centrifuging at approximately 
500 X gravity. Through the remaining open end a bead of predetermined 
diameter was forced into the sample, using a pipette probe. The wall of the 
viscometer located above the liquid level was cleaned by inserting a drawn glass 
capillary tube to a point above the liquid level, immersing the tube in water, 
and aspirating. The clean open end was then sealed and expanded slightly to 
give an air-tight seal. The position of the fluid thread in the tube was reversed 
by centrifuging and, simultaneously, trapped air was eliminated. 

To measure viscosity, the tube banded to a thermometer was oriented with 
its axis parallel to the thermometer thread. The thermometer inserted into a 
500-ml. cylindrical water-bath was aligned in a vertical position by means of 
a stopper and a mark at the base of the cylinder. The water-bath was then 
strapped on to the slant side of truncated blocks of known side angle. At 
the time a measurement was made, the block in front of a titrator lamp was 
rotated 90° about a horizontal axis. The time required for the bead to move 
2.25 em., or multiples as fractions thereof from a point 0.7 em. from the base 


1It is not implied that the U. S. Department of Agriculture recommends the above 
company or its product to the possible exclusion of others in the same business. 
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of the tube, was noted. Densities needed for calculation purposes were deter- 
mined pycnometrically, and the viscosity of glycerol solutions needed for stand- 
ardization was measured with a Bingham viscometer (1). 

The microviscometer was emptied of calibrating fluid without removing 
the bead, by first severing the end portions of the viscometer, constricting the 
open ends, and removing the glycerine by suction. The cleaned, dried capillary 
tube was then filled with sample in the manner already prescribed. 


RESULTS AND DISCUSSION 


Viscometer constant. The principles underlying the use of viscometers of 
the eccentric fall type are well known (5). The high precision instrument, the 
Hoppler falling ball viscometer, is widely used. Governing its use is the empiri- 
eal equation : 


(1) py) also written 
(2) 9= (po- pr) 


These equations also govern the use of the microviscometer. In the equations 
n is the viscosity, py and py are, respectively, the densities of the spherical bead 
and fluid, ¢ is the transit time between two marks on the viscometer, 10 cm. 
apart in the Hoéppler instrument, v is the velocity of fall, and k cr C are 
instrument constants. The determination of the instrument constant does not 
lend itself to treatment based on theoretical hydrodynamics. Dimensional 
analysis, however, provides a clear insight into the relationships involved (3, 5). 

The viscometer constant may be shown to be proportional to the square of 
either the bead or tube diameter, and to a function of the ratio between the 
bead diameter and the tube diameter, thus: 


(3) aa py) cos 0 


The symbols d and D represent, respectively, the diameters of the bead and 


tube, ies) is a function of the dimensionless variable £ g is the gravitational 


constant, and @ is the inclination of the tube to the vertical. The function, f (F) 


is independent of either d or D and, therefore, if evaluated under one set of 
conditions it should be valid under any other set. 


Figure 1 shows two graphs, one referring to the Héppler instrument (5), 
the other to the microviscometer. The log of the instrument constant k is plotted 
against the log of the difference between the tube and bead or ball diameter. 
A linear relation holds for small values of D-d. The slope of the line is within 
experimental error the same, both for the microviscometer and the Héppler 
instrument. The microviscometer constant k& in the region of small D-d is equal 
to 0.006 D-1/? g (D-d)?:5. The corresponding equation for the Héppler instru- 
ment in good agreement contains the constant 0.0057 in place of 0.006. The 
curves pass through a maximum located at approximately the same value of the 


j 

| 

| 

| 

i 

| 


1392 ABRAHAM LEVITON AND M. J. PALLANSCH 


3 
MICROVISCOMETER || HOPPLER VISCOMETER 
| Tube diam.-D=0.45 mm Tube diam.- D=16.0 mm 


| d 
=0.58- 
2 | | Z UB 70-58 
z | | 
4h 
z 
|| 
a O 
| 
=0.57 IL 
> 
° | 
2+ 4h - 
-2 0 ] 2 -] 0 ] 2 


LOG OF DIAMETER DIFFERENCE (D-d) 


Fig. 1. The relationship between the instrument constant and the difference in diameter 
between the tube and ball. 


ratio 4 The ratio between the maximum values of k is equal to the square of 


the ratio between the tube diameters. 

The relationships which have been noted are precisely those which would 
have been anticipated on the basis of dimensional analysis. Beyond the maxi- 
mum in the region of small values of the bead diameter, k is proportional to 
the square of the bead diameter. This relationship is shown in Table 1, and 
begins to prevail when the bead diameter is about one-fourth the tube diameter. 
The rate of fall is then about one-sixth that which would have been observed 
had the fall been concentric and according to Stokes’ Law. 

The graphs are useful for estimating the time of transit, and they therefore 
serve as an aid in the selection of beads and tubes with respect to their diam- 


TABLE 1 

Relationship between viscometer constant and bead diameter for small diameters 
Bead k k 

diameter (d) Tube const. (k) — experimental — ealeulated* 
0.085 0.625 0.865 5.35 
0.096 0.795 0.865 5.35 
0.106 0.955 0.865 5.35 
0.120 1.20 0.830 5.35 
0.141 1.57 0.793 5.35 


*Caleulated aceording to Stokes’ Law. 
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eters, in order to obtain transit times which fall within reasonable limits. For 
tubes 0.46 mm. in diameter, a minimum transit time is obtained of 3.7 sec. per 
centimeter per centipoise per unit density difference. This occurs when the 
bead diameter is about 0.26 cm. With smaller and larger beads, greater transit 


times are obtained. For constant “ the time will increase in proportion to the 


square of either d or D. 

Type of motion executed by the bead. The force acting on the bead is pro- 
portional to the angle of inclination of the tube to the vertical. The product 
of the time and the cosine of the angle of inclination should, therefore, be 
constant. The results in Table 2 show, however, that the product increases as 


TABLE 2 


Variation of the time required for the bead to move 2.25 em. with variations in the angle 
of inclination 


Bead Inclination 

diameter (d) (0) Time (t) t cos 9 
(mm.) (degrees) (sec.) (sec.) 

0.276 10.7 27.5 27.2 

29.6 34.0 29.5 

45.0 46.8 33.0 

60.4 79.5 39.2 

79.3 253.0 46.6 


Tube diameter 0.490 mm.; temperature 30° C.; viseosity of glycerol solution, 5.47 
centipoises. 


the angle is increased. Observation under a microscope showed that the type 
of motion executed by the bead changed from a glide at an angle of approxi- 
mately 10° to a progressively increasing roll as the angle was increased. The 
transition from a roll to a glide occurred at an angle which for any one tube 
was independent of the bead diameter and the viscosity of the fluid. The change 
in the type of motion would account qualitatively under ideal conditions for 
the observed relationship between velocity and the angle of inclination, as 
Weber (3) has shown in connection with the Hoéppler instrument. 

A basis for rejection of viscometers. In Figure 2 the ratios between bead 
velocities at the two angles 29.6 and 10.7° are plotted as abscissae, and the 
frequency of their occurrence as ordinates. A skewed distribution is obtained. 
The most probable value of the ratio lies in the range 0.795-0.825. The arith- 
metic mean is 0.800 and the standard deviation is + 0.03. A hypothetical 
curve representing a normal frequency distribution has been superimposed on 
the bar drawing to emphasize the skewness. Abnormally low ratios between 
the velocities at the two angles are caused by bead imperfections and/or micro- 
scopic debris, and abnormally high values by distorted beads. Microviscometers 
functioning abnormally are largely eliminated and accuracy is enhanced if 
selection is based on the requirement that the ratio of velocities at the two 
stated angles should fall within the range of two standard deviations. The 
reproducibility of values obtained under these conditions is quite good (see 
Table 3). The estimated percentage deviation for a large number of measure- 


| 
| 
| 
| 
| 
| 
| 
| 
| 


1394 ABRAHAM LEVITON AND M. J. PALLANSCH 


1~— 2 X STANDARD DEVIATION — 
1 } 


z 

Q 

> 20 

| 

| 

5 RATIO AVE. -0.800 

STANDARD DEVIATION +0.03 

| 

ot 


0.675 0.795 0.915 
RATIO BETWEEN VELOCITIES 
Fie. 2. Distribution curve for the occurrence frequency of the ratios between bead 
velocities at the two angles, 29.6 and 10.7°. 


ments made on water and on glycerol solutions varying in viscosity from 0.8 
centipoise to 35 centipoises was 0.3%. This estimate is based on the assumption 
that the percentage deviation is independent of the viscosity. The measured 
and literature viscosity values (5) agree quite closely. In one series of measure- 
ments for which the data are not shown, the ratio between the viscosities of a 
glycerol solution at 25 and 30° C. as determined with 15 different viscometers 
averaged 1.20 + 0.01 centipoises, compared with the literature value (4) of 1.198. 

The microviscometer has been developed chiefly for investigational work 
on evaporated milk. It should, however, find general application. Whenever 
extremely small volumes of material are available for measurements or proc- 


TABLE 3 
Comparison of viscosity values at 30° C. for glycerol solutions 
Glycerol Viscosity Literature 
concentration microviscometer* values” Difference 
(%) (certipoises ) (centipoises ) (%) 
46.12 3.48 3.568 —2.5 
54.47° 5.35 5.352 0.0 
64.89 9.99 9.956 +0.3 
75.00 20.8 21.68 —4.0 
80.00 33.5 34.92 —4.0 


* Bead diameter 0.270 mm., tube diameter = 0.416 mm., 9 = 10.7°. 
»M. L. Sheely. Ind. and Eng. Chem., 24: 1060. 1932. 
© Solution used for standardization. 
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essing, whenever flash sterilization or pasteurization is required, and whenever 
changes in viscosity on storage are to be followed with minimum disturbance 
of the sample, the microvisecometer has much to recommend it, provided the 
uJtimate in precision is not required in viscosity measurements. 
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FORMATION OF A FAT PROTEIN COMPLEX IN MILK 
BY HOMOGENIZATION 


K. K. FOX, VIRGINIA H. HOLSINGER, JEANNE CAHA, anv M. J. PALLANSCH 


Dairy Products Laboratory, Eastern Utilization Research and Development Division, USDA 
Washington, D. C. 


SUMMARY 


A fat-protein complex which sediments in a centrifugal field is produced in milk 
by homogenization. Fat-protein complex formation is found to increase with increasing 
homogenizing pressure; with increasing fat content; with an increase in concentration 
above 31% total solids (T.S.); and with increasing calcium concentration up to a 
limit of 10 mM added calcium. In a suspending medium of increased density produced 
by adding sucrose, the fat-protein complex formed by homogenizing concentrated milk 
of more than 31% T.S. is found to consist of a single entity. In nonconcentrated milk, 
the fat-protein complexes have a range of fat-nitrogen ratios. 

Experiments to determine the manner in which the fat-protein complex is formed 
indicate that conditions existing at the homogenizer valve at the instant of homogenizing 
are responsible for complex formation. Ultracentrifuge analyses of the protein moiety 
of the fat-protein complex show it to be casein. 


Currently, in the Dairy Products Laboratory of the Eastern Utilization 
Research and Development Division, the unique physical properties of foam- 
dried whole milk powder (7) are being investigated. Upon centrifuging a 
reconstituted sample of this powder, fat was found associated with the casein 
in the sediment. Investigation showed that a fat-protein complex was formed 
during the homogenization step preceding drying. Since the amount of protein- 
fat complex would conceivably account for some of the physical properties of 
foam-dried powder, fat-protein complex formation was subjected to further 
research. 

The proteins normally adsorbed on the fat globules have been the subject 
of much study (6). Brunner, Duncan, and Trout (2) found that the proteins 
bound on the fat globules of homogenized milk were different from the proteins 
in nonhomogenized milk. In these earlier studies attention was given to the 
protein-fat complex which floated in milk subjected to centrifugation. This 
paper, in contrast, is concerned only with those fat-protein interaction products 
of sufficient density to sediment in milk subjected to high centrifugal fields. 

This paper describes formation of sedimentable fat-protein complexes in 
terms of: (1) homogenization pressure, (2) total solids concentration, and 
(3) fat to solids-not-fat ratios. Experiments designed to discern the mechanism 
responsible for the fat-protein interaction also are described. 


EXPERIMENTAL PROCEDURE 


Material. All milk used in this study was obtained from mixed herds located 
at the Beltsville Experiment Station of the U. S. Department of Agriculture. 
The raw milk was routinely standardized and pasteurized at 145° F. for 
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30 min. Concentrates were prepared from the pasteurized milk by using a 
single-effect Rogers Pan.? 

Homogenization. Milk and milk concentrates were homogenized at 145° F. 
using a single stage of a Manton Gaulin Model 75 homogenizer! equipped with 
a Dyna Jet Homogenizing valve.* 

Reconstitution. After homogenizing, the concentrates were diluted with 
distilled water to the solids content of the unconcentrated milk. The reconsti- 
tuted and nonconcentrated milks were both held at 36° F. for 48 hr. to allow 
the internal milk systems to come to equilibrium. This holding period was 
necessary to secure reproducibility of quantitative measurements. The samples 
were warmed to 104° F. to put the fat in the liquid state, and centrifuged at 
this temperature. 

The samples were centrifuged in a Spinco Model L! preparatory centrifuge 
using a No. 40 rotor. They were centrifuged at 150,000 x G (av.) for 90 min. 
Nitrogen depletion-rate measurements on nonhomogenized milk indicated that 
this centrifugal force was almost six times greater than necessary to sediment 
the caseinate complex. 

Nitrogen determinations were made by the micro-Kjeldahl method of the 
A.O.A.C. (1). Fat analyses were made by the Mojonnier method. 

For examining the protein of the fat-protein-fat complex, a Spinco Model 
E! ultracentrifuge and an Aminco! electrophoresis apparatus were used. The 
protein was suspended in a veronal buffer, pH 8.4, total ionic strength 0.1, 
containing 0.05 M NaCl. 

Analytical technique. After centrifuging, a pellicle of fat was found at 
the top of the centrifuge tube, the amount depending upon the homogenizing 
pressure. This fat was discarded. The supernatant liquid was collected and 
analyzed for nitrogen. The sediment was recovered and analyzed for fat and 
nitrogen. The sediment was always in the form of a firm pellet in the bottom 
of the centrifuge tube. These pellets were ground in a mortar and weighed 
samples taken for fat and moisture determinations. It was found that the wet 
sediment could be easily dissolved for fat analysis by adding 10 ml. of ethyl- 
enediaminetetracetic acid (E.D.T.A.) solution (eq. to 0.6 mg. Ca** ml.) to the 
Mojonnier! flasks containing the weighed sample (1-2 g.). The moisture content 
was found by drying the wet sediment in a vacuum oven for 12 hr. at 105° C. 
An aliquot of the dried sediment was taken for nitrogen analysis. Fat analysis 
by the Mojonnier method could not be made on the dried sediment. 


RESULTS 


Extent of complex formation. The effect of homogenization pressure ou 
formation of a sedimentable fat-protein complex is shown in Figure 1. The 
milk contained 12.4% T.S., of which 3.3% was fat. The different concentrations 
are indicated as 1:1 (unconcentrated), 2.5:1 (31% T.S.), 3:1 (37.2% TS.), 
and 4:1 (49.6% T.S.). At all concentrations the ratio of T.S. to fat is the 


*It is not implied that the U. S. Department of Agriculture recommends the above 
company or its product to the possible exclusion of others in the same business. 
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same. The graphs represent the average of three determinations. The values 
for a 2:1 concentration are shown in Figure 2. Likewise in Figure 1, data 
for homogenizing pressures of 1,000 and 6,000 p.s.i. are shown but are not 
included in Figure 2. 

Figure 1 shows that increasing the homogenizing pressure causes an increase 
in the formation oi a sedimentable fat-protein complex at all concentrations. 
It is also seen that the homogenizing pressure range normally used in industry 
produces the fat-protein complex. 

In Figure 2, the fraction of the fat sedimenting is plotted versus the T.S. 
concentration for three of the homogenizing pressures studied. It is observed 
that above a concentration of 31% T.S. at the fat level used, a significant in- 
crease in the amount of fat bound to the protein occurs. Because of the devia- 
tions in the data at 37% T.S. this concentration is considered to be at or near 
the critical point for the occurrence of some factor responsible for the increased 
binding of the fat to the protein. More information regarding this factor is 
presented later. 

Identity of the protein in the complex. The identity of the protein involved 
in the complex is established in part or wholly by several methods. 

a. Amount of protein required to sediment the fat. By reference to Figures 
1 or 2 it can be seen that when a 4:1 (49.6% T.S.) concentrated milk is 
homogenized at 8,000 p.s.i. about 75% of the fat sediments. Since the milk 
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Fie. 1. Effect of homogenization pressure on fat-protein complex formation in milk 
and concentrated milks. 
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Fig. 2. Fat-protein complex formation as a function of concentration at different 


homogenization pressures. 


contains 3.3% fat, about 2.5 g. (75%) of fat is sedimented from a 100-g. sample. 
The density of the supernatant was 1.026 g/ml. This would be a limiting 
minimum value for the density of the complex, i.e., with this density it would 
remain suspended rather than sediment. Assuming the density of milk fat 
to be 0.93 g/ml, and using a value of 0.72 as the apparent specific volume of 
the protein, 0.78 g. is the calculated amount of protein required to produce a 
complex of density 1.026 g/ml. If the milk contained 3.5 g. protein of which 
80% was casein, the 0.78 g. of protein is slightly greater than the amount of 
whey proteins present. Since the complex readily sediments instead of remain- 
ing suspended, and because higher fat to protein ratios have been observed 
(see Figure 4), casein must be a part of the complex. 

b. The fat is removed by resuspending the complex in a solution of E.D.T.A., 
but is not removed in warm water. Also, the calcium-nitrogen ratio of the 
fat-protein complex is the same as that of the calcium caseinate complex (4). 
Both of these facts imply that the calcium caseinate complex is involved in the 
fat-protein interaction. 

ce. Ultracentrifuge data. To establish the identity of the protein in the 
sedimenting fat-protein complex, the complex was sedimented from a recon- 
stituted 4:1 concentrated milk which had been homogenized at 8,000 p.s.i. It 
was washed two times by dispersing it in distilled water with a Waring Blendor. 
The washed complex was then dispersed in distilled water by blending, and 
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PROTEIN SYSTEM 


2 | A Sedimented from skim milk. 
P 105,000 x g. for 90 min. 
1 
32 Recovered from fat-protein 


complex after 
+ @ disintegration of isolated 
4 complex by removal of 
calcium with oxalate 


@ disintegration of isolated 
2 C complex with n-butanol 


® extraction with ethyl eiher-ethy! 


D alcohol 3-1 (v/v) 


Fig. 3. Ultracentrifuge patterns of protein involved in complex 1, 2. 


sufficient sucrose added to raise the specific gravity to 1.09. The solution was 
centrifuged and the fat-protein complex recovered by flotation. The flotated 
complex was dispersed in distilled water and washed two times with distilled 
water. The isolated complex had a fat/nitrogen (F/N) ratio of 9.1:1 and a 
ealeium/nitrogen (Ca/N) ratio of 0.216. The protein entity was separated 
from the complex by several methods noted below, and its ultracentrifugal and 
electrophoretic properties compared with those of casein that had not been 
complexed. 

The uncomplexed casein was obtained by centrifuging unheated skimmilk 
at 105,000 < g for 90 min. The ultracentrifuge patterns of the respective pro- 
tein systems dissolved in veronal buffer, pH 8.4, 0.1 ionic strength, are shown 
in Figure 3. The photographs were all taken at 102 to 104 min. after sedimenta- 
tion began. The temperature of centrifugation was from 20 to 27° C. 

Figure 3-A is the ultracentrifuge pattern of the casein obtained from 
skimmilk, as described above. 

Figure 3-B is the protein system obtained by treating the complex with 
E.D.T.A. or oxalate ion as ammonium oxalate, followed by centrifugation to 
remove the fat and calcium oxalate. The solution was then dialyzed against 
several changes of buffer to remove excess oxalate ion. Except for better reso- 
lution of sedimenting components in B, the patterns of B and A are essentially 
the same. 
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Figure 3-C is the ultracentrifuge pattern of the protein system of the 
complex recovered after disintegration in n-butanol. This treatment appears 
to have shifted the bulk of the faster-sedimenting components to that of the 
component marked 1. 

Figure 3-D is the ultracentrifuge pattern of the protein system recovered 
from the complex by extracting it three times with ethyl ether and ethanol 
(3:1-v/v). This treatment destabilizes most of the faster-sedimenting material. 
The latter sedimented rapidly at the beginning of centrifugation and formed 
a clear gel in the bottom of the centrifuge cell. It could not be redispersed 
as a stable solution in veronal buffer. 

Although the protein system in the complex is predominantly casein, the 
manner in which it is extracted from the complex alters either the number of 
sedimenting boundaries or the distribution of material in the sedimenting 
boundaries. 

Mode of interaction. To determine how the fat is complexed with the 
calcium caseinate, the following experiments were performed: 

a. Butter oil was homogenized into milk dialysate at 8,000 p.s.i. The dialy- 
sate was prepared by dialyzing distilled water against a large volume of milk. 
This homogenate was then heated to 145° F. and mixed at a concentration of 
3.3% with skimmilk (also heated to 145° F.) and with skimmilk which had 
been homogenized at 8,000 p.s.i. In neither experiment was a sedimentable 
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fat-protein complex formed. This experiment shows that neither fresh fat 
surfaces nor the fineness of dispersion are sufficient to cause the fat to enter 
the protein phase. 

b. Butter oil was homogenized directly into skimmilk at a concentration 
of 3.3%. The fat-protein complex was formed. In conjunction with the previous 
experiments, this shows that the interaction depends upon the conditions which 
exist at the homogenizer valve at the instant of homogenizing. It further 
illustrates that the fat globule membrane is not necessary for the formation 
of the complex. 

e. Mineral oil was homogenized into skimmilk at a concentration of 3.3%. 
The fat-protein complex was formed. Since mineral oil does not contain any 
reactive or polar groups, the binding force must be by van der Waals forces 
between hydrocarbon sites on the caseinate complex and the fat. Because such 
binding occurs only during homogenizing, homogenizing must distort the 
caseinate micelle and expose hydrocarbon sites not otherwise available. The 
extent of such distortion and, therefore, the amount of fat bound would depend 
upon the homogenizing pressure. 

Complex formation as a function of fat content. The previous experiments 
were all conducted on milk containing 12.4% T.S. and 3.3% fat—or some con- 
centration of this milk. The effect of different fat content on complex formation 
was determined by the following experiment. A single lot of milk was sepa- 
rated and the cream diluted to 10% fat with the skimmilk. One part of the 
skimmilk was divided into six samples and sufficient 10% milk added to each 
sample to give a range of fat content of from 0 to 5%. The second lot of 
the skimmilk and the remaining 10% milk were concentrated to 32% solids- 
not-fat. 

The concentrated skimmilk was divided into six lots and sufficient concen- 
trated 10% milk (now concentrated to 39% fat) was added to the different 
samples to give a range of fat content of 0 to 20% fat. The samples were 
heated to 145° F. and homogenized at 8,000 p.s.i. The results are shown in 
Figure 4. In nonconcentrated milk the amount of fat complexed at a given 
solids-not-fat level reaches a limiting value, but in the 4: 1 concentrated milk 
a maximum value for the formation of the complex was not reached in the 
range of fat content examined. There is either a factor limiting complex forma- 
tion at a 1:1 concentration or a factor facilitating complex formation at a 
4:1 concentration. This factor must be associated with the solids-not-fat con- 
tent rather than the fat content, since in the 1:1 concentration a limiting value 
for complex formation is reached which does not occur at the 4: 1 concentration. 

In Figure 5 the fraction of the fat complex per gram of sedimenting 
nitrogen is plotted as a function of the free fat. By free fat is meant that fat 
which is not sedimented. In the accepted sense the free ligand concentration 
is an equilibrium concentration, i.e., it exerts a pressure on the bound ligand 
to maintain a constant distribution of ligand between free and bound states. 
The free fat plotted in Figure 5 is not an equilibrium fat at the time of analysis, 
but may have been such at the instant of homogenization. Assuming that it 
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Fie. 5. The binding of fat by nonconcentrated and concentrated milks homogenized at 
8,000 p.s.i. 


does represent an equilibrium fat, the data of Figure 5 indicate that at a 1:1 
concentration the fat partitions between the complex and the fat phase. This 
represents a statistical type of binding in which the amount of fat bound is 
proportional to the amount already bound, i.e., to the number of binding sites 
available. Since casein is the binding moiety a different interpretation may be 
made of the statistical concept. The distribution of sizes of caseinate micelles 
may be substituted for the distribution of the number of binding sites available. 
Whether this size distribution is continuous, as reported by Nichols et al. (5), 
or discrete, as reported by Ford and Ramsdall (3), the binding curve would 
in either case illustrate a partition effect when the size of the caseinate micelles 
is the only interaction parameter. 

The curve for the fat complexed at a 4:1 concentration illustrates a cop- 
erative kind of binding, in which the more fat that is bound, the easier it is 
for additional fat to be bound. 

Another difference in the method of complexing of fat by 1:1 milk as 
compared with a 4:1 concentrate of the same milk is illustrated in Figure 6. 
To obtain the data of Figure 6, sucrose in increasing concentrations was added 
to aliquots of the 1:1 milk and to aliquots of the reconstituted concentrate. 
These solutions were centrifuged at increasing times proportional to their in- 
crease in viscosity; fat and nitrogen analyses were made of the sediments and 
the specific gravity of the supernatant liquids determined. The sedimenting 
complex of the reconstituted 4:1 concentrate underwent flotation at a specific 
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Fig. 6. Effect of concentration on specific gravity of fat-protein complex formed by 
homogenization. Homogenization pressure, 8,000 p.s.i. The 4:1 concentrate was _ reconsti- 
tuted to 12.4% T.S. before adjustment of specific gravity with sucrose. 


gravity of between 1.077 and 1.085 (20° C.). This narrow range of specific 
gravity of the complex indicates that only one species of complex forms when 
a 4:1 concentrate is homogenized at 8,000 p.s.i. In contrast, the fat-protein 
complexes formed in 1:1 milk homogenized at 8,000 p.s.i. have a range of 
different F/N ratios. 


Effect of calcium on the formation of the fat-protein complex. It is usually 
necessary to consider the behavior of casein in terms of the amount of calcium 
in the system. To determine the effect of calcium on the formation of the fat- 
protein complex, different amounts of calcium as CaClo-2H2O were added to 
aliquots of pasteurized milk (145° F. for 30 min.) and the milk allowed to 
equilibrate for 24 hr. at 36° F. The different samples of milk were warmed to 
110° F. and homogenized at 8,000 p.s.i. The results are presented graphically 
in Figure 7. The addition of as little as 2.5 mM of calcium ions causes an 
increase in the amount of fat complexed; between 10 and 20 mM of calcium is 
sufficient to complex 100% of the fat. When the specific gravity of the solution 
containing 10 mM of added calcium was increased to 1.07 the fat-protein com- 
plex abruptly underwent flotation. The amount of fat complexed and the 
limited specific gravity range of the complex formed indicate that calcium 
causes formation of a fat-protein complex similar to that formed in a 4:1 
concentrated milk. 
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Fie. 7. Effect of increasing calcium ion concentration on formation of fat-protein complex. 


DISCUSSION 


It has been demonstrated that milk fat and the caseinate micelles of milk 
interact when homogenized. From the data obtained, certain speculations may 
be made about the mode of interaction. These speculations concern the effect 
of homogenizing upon the caseinate micelles, the effect of concentration upon 
the caseinate micelles, and the structure of the fat-caseinate complex. 

The fat-protein interaction could not be induced by separately homogeniz- 
ing the skimmilk and the fat and then mixing them. The chemistry of fat 
suggests that the only effect of homogenization on it should be increased surface 
area and, thereby, increased surface energy. If increase in surface energy or 
decrease in size were the only requirements for the interaction, it should occur 
when the fat homogenate is mixed with the skimmilk. That an interaction does 
not occur except at the homogenizing valve must mean that caseinate micelles 
are, in some manner, activated for the interaction by homogenizing. 


In another experiment, mineral oil was complexed with the caseinate micelles 
by homogenization. Hydrocarbons should adsorb to the caseinate micelles only 
on a hydrocarbon site. Such hydrophobic sites, to be consistent with the 
accepted structure of proteins in aqueous solution, would be within the micelles. 
Therefore, homogenizing must distort or open up the caseinate micelle. If the 
hydrocarbon portion were on the surface of the micelle, the amount of fat 
bound would be proportional to the micelle surface area. Assuming a sphere, 
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the fat bound would be proportional to the square of the micelle diameter, or 
L?. The nitrogen content would be proportional to the volume, or L*. The 
fat-nitrogen ratio would be L?/L° (=1/L) or, the smaller the micelle, the more 
fat would be complexed to a given amount of casein. But, in the experiment 
in which calcium was added to milk to determine its effect on complex forma- 
tion, the amount of fat complexing (and the F/N) increased with micelle size, 
and not the converse. Therefore, the part of the micelle to which the fat is 
bound must not be on its surface. 

A construct which describes the increase in F/N ratio with increase in 
micelle size is one having the caseinate micelle distorted into a shell about the 
fat. In this case, the fat complexed is proportional to the volume of the shell 
and the nitrogen is proportional to its area, or L?. The F/N ratio becomes 
L’/L? (=L) and increases with micelle size. A variation in the F/N ratio 
would also be consistent with the data for the F/N ratio in Figure 6, since a 
distribution in size of caseinate micelles occurs in normal milk (3, 5). 

The extent of fat-protein interaction in 4: 1 concentrated milk, as compared 
with that in the same milk not concentrated, implies that concentration causes 
changes in the micelle structure. The concentration of milk fat produces no 
known changes in its physical and chemical properties. The ratio of total solids 
to fat is the same in the 4:1 concentrate as in the 1:1 milk. If the increased 
interaction between fat and casein at a 4:1 concentration resulted from closer 
proximity of the fat and casein during homogenization, the interaction should 
inerease linearly with concentration. This does not occur. Instead, the concen- 
tration effect is critical in behavior, which implies a change in the physical 
and/or chemical properties of the caseinate micelle. This change is manifested 
in two ways: (1) a large increase in the amount of fat bound, and (2) the 
fat-protein complex formed becomes essentially of one diserete size. If the 
interpretation is correct, that the amount of fat bound is a function of micelle 
size, only one size of caseinate micelle exists at a concentration of 37% T:S. 
and above. 
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THE SOLUBILITY IN AQUEOUS UREA SOLUTIONS OF THE MICELLAR 
CASEINATES OF MILK AND MILK PRODUCTS SUBJECTED 
TO VARIOUS STERILIZING HEAT TREATMENTS 


HARRISON 8S. HALLER anp MICHAEL J. PALLANSCH 


Dairy Products Laboratory, Eastern Utilization Research and Development Division, USDA 
Washington, D. C. 


SUMMARY 


A study was made of the changes that occur in the micellar caseinates when heated 
in their natural environment. 

The caseinates were separated from heated milks by centrifugation at 27,000 times 
gravity in a Servall centrifuge, followed by washing and lyophilizing. The dry caseinates 
were equilibrated by shaking for 24 hr. at 25° C. in 6.6 M urea solution. After dilution 
to 3.3 M urea, and equilibration for 48 hr., the solutions were centrifuged to separate 
the insoluble caseinates. The soluble caseinates of the solution were determined by 
micro-Kjeldahl analyses after dialysis to remove urea. Solubility curves, obtained by 
plotting the amount of the casein in 3.3 M urea solution against the amount of micellar 
caseinates present in the system, exhibit solubility phenomena characteristic of hetero- 
geneous systems and show that: 

. Increased heating decreases the solubility of the caseinates in aqueous urea. 

. Fat present in milk during heating decreases the solubility in urea. 

. Increased solids content of milk gives decreased protein solubility in aqueous 
urea after heating. 

. High-temperature—short-time methods of sterilizing concentrated milk products 
generally produce less change in the protein solubility in urea than does the 
conventional sterilization method. 

5. The presence of citrate and phosphate ions in the urea system increases the 

protein solubility. 

6. The heat-produced protein component in the casein micelle concentrates in the 

3.3 M urea insoluble fraction. 


whore 


Heat sterilization produces a number of undesirable organoleptic and 
physical changes in milk products (10). The mechanism of the chemical 
reactions underlying these gross changes is not well understood, but many of 
the observed changes are thought to be associated with heat-induced modifica- 
tion of the milk proteins. Study of the milk proteins and the changes they 
undergo during heating is, therefore, of importance in the development of 
superior dairy products. 

This paper reports results obtained during a study of the physical and 
chemical changes that occur in the casein fraction of milk and milk products 
during sterilizing heat treatments. 

Casein (8), which is the principal protein fraction of milk (2), has been 
shown to exist in the forms of large micelles of complex composition (7). 
Various methods have been devised to isolate and fractionate these micellar 
proteins (4, 5, 11, 12). Up to the present at least five different caseins have 
been found in the casein micelle, in addition to inorganic ions and colloidal] salts. 

Experimental work using alpha and beta caseins, two of the more important 
constituents of the micelle, has been interpreted to indicate that these caseins 
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have no specific three-dimensional space configuration and can, therefore, be 
considered to act as denatured globular proteins (3). If this is true, then the 
easeins should not be denatured by high heat treatment in neutral solutions. 
However, other work (6, 13, 14) has shown that heat does change the physical 
and chemical properties of the caseins isolated from milk. The changes were 
reported to be both reversible and irreversible, depending on the severity of 
the heat treatment employed. Since this earlier work was carried out in simpli- 
fied model systems, it was considered desirable to study the changes that occur 
in the micellar proteins of milk when heated in their native environment, 
wherein the possibility of reaction with the other constituents of milk exists. 
Previously reported work (9) had shown that an electrophoretically unique 
protein (Y), which had a mobility of 6.0 < 10° em.” volt-! sec.-!, appears in 
the casein micelle of heat-sterilized milks. To facilitate the eventual isolation 
of this protein, a solubility study of the micellar proteins isolated from such 
heated milks by centrifugation was made. Solutions of 3.3 M urea were used 
to determine maximum differences in solubilities of the caseinates. This con- 
centration of urea produces a median solubility between insolubility of these 
caseinates in water and complete solubility in 6.6 M urea solutions. 


EXPERIMENTAL PROCEDURE 


Preparation of material. The micellar casein complex used for the deter- 
mination of solubility was sedimented from the appropriate milk product by 
centrifuging for 1 hr. in a Servall super-speed angle-head centrifuge at a speed 
of about 14,000 r.p.m. and a centrifugal force of approximately 27,000 times 
gravity. The caseinate complex was washed by redispersing in distilled water, 
using a mortar and pestle or Waring Blendor. After two washings the redis- 
persed caseinate was hard-frozen in metal trays, and the material was lyo- 
philized in a pilot plant model of a Stokes shelf dryer. The dried complex was 
ground to a fine powder using a mortar and pestle. It should be noted that even 
at the low centrifugal force used in this preparation there is the possibility 
of the inclusion of small amounts of heat-aggregated whey proteins with the 
sedimented caseinates. 

Determination of solubilities. In each series of solubility experiments, 
sufficient of the dried caseinate complex was placed in a 50-ml. plastic centri- 
fuge tube and enough water added to make 15 ml. of solution containing 2, 4, 
6, 8, 10, 12, 14, and 18 g. per 100 ml. Sufficient urea had previously been added 
to make the solution 6.6 M when made up to the 15-ml. mark. The tubes were 
shaken for 24 hr. at 25° C., diluted with water to the 30-ml. mark to bring the 
urea concentration to 3.3 M, and shaken for an additional 48 hr. to insure 
equilibration. The pH of the solutions was 7.3 + 0.2. The tubes were then 
centrifuged in the Servall centrifuge for 1 hr. at 14,000 r.p.m. Aliquots of 
the clear solutions containing the dissolved caseinates were placed in small 
dialysis sacks and the contents dialyzed against distilled water until no urea 
was shown to be present. The aqueous contents were pervaporated, the dried 
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sack and contents digested, and nitrogen and protein determined by the con- 
ventional Kjeldahl micro-method. 

The distribution of the several components of the original caseinate compl «x 
in that portion dissolved by the 3.3 M urea, and in the portion undissolved oy 
urea, was determined by taking aliquots of the above clear liquid and of the 
sedimented and undissolved portion and dialyzing to equilibrium against 
veronal buffer containing 0.05 M NaCl at pH of 8.4 and ionie strength of 6.1. 
After clearing the dialyzed solution by centrifugation, an electrophoretic 
analysis was conducted in a portable Aminco apparatus, using a standard 8-ml. 
analytical cell. The photographic patterns were projected and traced on graph 
paper. Protein distribution and mobilities were measured, using conventional 
techniques (1). 

The effect of 0.1 M citrate and of 0.1 M phosphate on the solubility of the 
micellar caseinates centrifuged out of heated skimmilk was studied in a similar 
manner. 


RESULTS 


The solubility curves obtained by plotting the amount of soluble casein 
against the amount of micellar caseinate present in the system have forms 
characteristic of heterogeneous systems and are shown in Figures 1-4. A com- 
parison of these curves shows the effects of various processing and chemical 
factors on the solubilities of the caseinate micelles. 


a—— 239°F. —15 Min. 
O------ 239°F. — 30 Min. 
a-—-— HTST — 280°F. —15 Sec. 
e— — Unheated 


Casein Soluble in 3.3 M Urea Solution (g./100 ml.) 


0 2 4 6 8 10 
Caseinate Complex in 3.3 M Urea System (g./100 ml.) 


Fig. 1. Effect of heat treatment of milk on caseinate solubilities. 
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Caseinate Complex in 3.3 M Urea System (g./100 ml.) 
Fig. 3. Effeet of fat content and of sterilizing methods on caseinate solubilities. 
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Citrate 
O------ Phosphate 
e— - —- Control 


Casein Soluble in 3.3 M Urea Solution (g./100 ml.) 


0 2 4 6 8 10 
Caseinate Complex in 3.3 M Urea System (g-./100 ml.) 


Fig. 4. Effect of phosphates and citrates on caseinate solubilities. Milk at 239° C.—30 
min. 


The effect of intensity and amount of heat treatment on the solubilities 
of caseinates from normal strength skimmilk is shown-in Figure 1. High heat 
treatment produces caseinates of low solubility, H.T.S.T. (280° F. for 15 see.) 
treatment produces those of intermediate solubility, and the caseinates subjected 
to low heat treatment are practically as soluble as those from unheated skim- 
milk. The effect of solids concentration on the solubility of caseinates in urea 
solutions is shown in Figure 2. High-temperature—short time heat treatment 
on single-strength nonfat milk produces caseinates of higher solubility than 
does the same heat treatment on double-strength evaporated nonfat milk. 

A comparison of the two conventional evaporated milk curves in Figure 3 
shows that the presence of fat during the conventional process of heating of 
2:1 evaporated milk decreases the solubility of the caseinates. Similarly, the 
H.T.S.T. curves on this same figure show the same results. By comparing the 
two H.T.S.T. evaporated curves with the two conventional evaporated curves, 
the effect of the method of sterilization of evaporated milk on the solubility of 
the caseinates is shown. It is evident that the H.T.S.T. method of sterilization 
has less effect on the solubility of the caseinate in urea than does the conven- 
tional method, especially in the case of the evaporated whole milk. The differ- 
ence in the effect of the two methods of sterilization is less apparent for the 
evaporated nonfat milks. 
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The inerease in solubility in urea solution of the caseinates from severely 
heated milk in the presence of citrate and of phosphate ions is shown in Figure 
4 


TABLE 1 
Electrophoretic distribution of proteins in 3.3 molar urea systems 
Phase 
Type of milk 

and heating Soluble Insoluble 

a B a B 
Casein p.¢ Casein Casein Casein X Casein Casein 
(%) 

H.T.S.T. evaporated whole 53.4 §.9 28.3 8.9 95.0 5.0 0.0 0.0 
H.T.S.T. evaporated skim 45.8 14.7 30.1 9.4 55.3 44.7 0.0 0.0 
Conventional evaporated whole* 39.5 35.3 25.2 0.0 100.0 0.0 0.0 0.0 
H.T.S.T. Skimmilk 72.5 5.5 22.0 0.0 83.5 10.1 6.4 0.0 
Skim—115° C. 30 min. 59.0 11.0 17.3 12.7 69.0 22.0 8.9 0.0 


Skim—115° C. 15 min. 66.6 11.6 18.8 3.0 75.0 8.6 16.4 0. 


“Very little of the insoluble phase was capable of being solubilized by veronal buffer in 
preparation for electrophoretic analysis and, therefore, the percentages given probably do 
not represent a true distribution of the various components. 


Table 1 shows some typical results on the electrophoretic Cistribution of 
the various casein components between the 3.3 M urea soluble and insoluble 
fractions. In connection with the possibility of the inclusion of heat-coagulated 
proteins mentioned previously, it should be noted that the various casein 
fractions may contain some of these whey proteins, even though the mobilities 
actually found are normal for the casein fractions indicated. The beta casein 
and gamma casein components have a disposition to concentrate in the urea- 
soluble fraction while alpha casein and the heat-produced X component have 
a tendency to concentrate in the urea-insoluble fraction. This tendency may 
make it possible for the Y component to be separated from the other com- 
ponents by convection electrophoresis or other methods of purification, so that 
its identity and composition may be studied. 
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ANALYSIS FOR CITRIC ACID IN PRESENCE OF CASEIN 


J. R. MARIER anp M. BOULET 
Division of Applied Biology, National Research Council, Ottawa, Canada 


SUMMARY 


Factors affecting citric acid determination in the presence of casein were studied with 
the pyridine-acetic anhydride method. Although the opalescence in skimmilk tests af- 
feeted results by only 2%, the turbidity introduced by solutions of isolated casein could 
cause gross overestimation. A pH above 12.3 in the test aliquot assured a clear reaction 
mixture with both skimmilk and casein solutions. It is, therefore, recommended that test 
aliquots containing casein should comprise sufficient alkali to insure a clear reaction. 

Acid casein required seven resuspensions in fresh washing solution at pH 4.5 for 
complete removal of occluded citrate, lactose, and calcium. Adsorption of citric acid by 
casein precipitated at the iso-electric point, or with trichloroacetic acid, was demonstrated 
and appears to account for the lower citrate concentration in acid sera, as compared to 
skimmilk. These results extend the conclusions of a previous paper. 


In a previous publication (7) the authors recommended determination of 
citric acid in milk without prior separation of the casein. Results of direct 
analysis were 5 to 10% higher than values obtained with either trichloroacetic 
or hydrochloric acid sera. This discrepancy was attributed to adsorption of 
eitrie acid by the precipitated protein, a suggestion which had been made by 
Pucher et al. (12), who had observed a similar result (with a different citrate 
method) when albumin was precipitated from urine samples. The present 
authors’ original conclusion (7) was that: ‘‘Attempts to detect interference 
of proteins have indicated that they do not interfere significantly. .. . We are 
therefore convinced that the higher values obtained by direct analysis of milk 
represent its true citric acid content within 2.5%.’’ 

In a private communication, Davies (1) reported that most samples of 
skimmilk gave a slight opalescence when analyzed by the direct method (7), 
and wondered whether this did not produce significantly high results; also, 
he doubted that acid-precipitated casein could bind citrate electrostatically. 
In a recent publication, Evenhuis (2) concluded that the direct method (7) 
gives erroneously high results, and that adsorption of citric acid by precipi- 
tated protein is unlikely. 

The present paper shows that the slight opalescence obtained in direct 
analysis of skimmilk does not cause significant error but can, nevertheless, be 
completely eliminated. It is also shown that re-solubilized casein does not 
interfere with the determination of citric acid, provided sufficient alkali is 
added to prevent opalescence. However, casein preparations can introduce 
traces of citrate because of incomplete washing. Adsorption of citric acid by 
casein is demonstrated, extending the results of a study by Van Slyke (16, 17). 


MATERIALS AND METHODS 


Bulk skimmilk and skimmilk from individual cows were used in the study. 
Casein was prepared in bulk according to Van Slyke and Baker (15), or by 
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adjusting 100-ml. aliquots of skimmilk to pH 4.5-4.6 with hydrochloric acid, 
then filtering through Whatman No. 2 paper. Casein was also prepared by 
adding 25 ml. of 60% w/v trichloroacetic acid (12% final concentration) to 
100 ml. of milk (14). 

Calcium was estimated turbidimetrically (6), lactose was determined color- 
imetrically (8), and citric acid was analyzed by the pyridine—acetic anhydride 
method (7, 9). The pH was measured with a Beckman Model G pH meter. 


EXPERIMENTAL PROCEDURE AND RESULTS 


Prevention of opalescence in the presence of casein. Opalescence was ob- 
served in some samples after direct analysis of citric acid in aqueous dilutions 
of skimmilk. Since this phenomenon had not been observed in previous studies 
with 1% solutions of casein in 0.1 N sodium hydroxide, it appeared probable 
that opalescence could be prevented by introducing alkali with the test solution. 
In a preliminary study with the citrate test at 32° C. (7) it was found that up 
to 0.5 meq. of NaOH could be tolerated per tube ;! higher concentrations resulted 
in a marked reduction of color. 

The possible effect of added alkali on the determination of citric acid in 
the presence of casein was studied with 1 and 3% w/v solutions of casein [Van 
Slyke and Baker (15)]. The casein was dissolved in various concentrations 
of sodium hydroxide up to 0.40 N, and 1.0-ml. aliquots were analyzed. Con- 
sistent results and clear reaction mixtures were obtained when the test aliquot 
was above pH 12.3 (Table 1); a lower pH in the aliquot led to increased tur- 
bidity in the test solution, with citrate recoveries as high at 175%. The yellow 
color of the reaction developed, even though citrate was not added to the 
casein solutions, indicating that the casein was contaminated with citric acid 
(see later). 

A parallel study with bulk skimmilk (diluted 20/100) was also made, in 
which 0.50-ml. aliquots of the dilution were added per test, along with 0.50 ml. 
of sodium hydroxide solutions of various normalities up to 0.40 N. The de- 
sirable amount of alkali was introduced into the colorimeter tube as a separate 
addition,? to avoid loss of citrate by co-precipitation with calcium phosphate 
(13). The opalescence obtained at low additions of alkali in skimmilk (Table 1) 
had only a slight effect on determination of citric acid; however, a clear test 
could be obtained by adding 0.2 meq. of NaOH per test. The effectiveness of 
NaOH was confirmed with three other samples of skimmilk (diluted 20/100) 
from different sources. Analysis by the original citrate method (7) gave values 
(ug/ml) of 1,449, 1,441, and 1,213, compared with (respectively) 1,423, 1,407, 
and 1,185 in the presence of 0.2 meq. of NaOH /test; the difference was, there- 
fore, 1.8, 2.4, and 2.4%. respectively. However, while the original method re- 


1 With aliquots containing 1% v/v chloroform as a bactericide, a red color can form 
in the presence of NaOH and pyridine (5) but disappears on adding the acetic anhydride, 
with no adverse effect on the subsequent citrate reaction. 

?In adding the NaOH directly into the colorimeter tube, the aqueous phase in the test 
must be kept constant, since water is one of the reactants (7). The size of the skimmilk 
aliquot must, therefore, be reduced by an equivalent volume. 
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TABLE 1 
Effect of alkali on citrie acid test with casein solutions and diluted skimmilk 


After citrate analysis 


Citrie Acid 


Appearance 

Type of NaOH added, pH of Measured Reeovery of test 

aliquot* meq/test aliquot (4g/ml) (%)” solution 
1% Casein 0.015 10.79 17.50 177.5 Turbid 
1% Casein 0.025 11.33 12.34 125.2 Turbid 
1% Casein 0.050 11.91 11.77 119.4 Opalescent 
1% Casein 0.075 12.16 9.73 98.7 Clear 
1% Casein 0.10 12.30 9.86 100.0 Clear 
1% Casein 0.20 12.40 10.00 101.4 Clear 
1% Casein 0.30 12.40 9.59 97.3 Clear 
1% Casein 0.40 12.40 9.86 100.0 Clear 
3% Casein 0.025 8.38 53.69 175.6 Turbid 
3% Casein 0.050 11.10 38.25 125.1 Turbid 
3% Casein 0.075 11.93 36.98 121.0 Opalescent 
3% Casein 0.10 12.18 32.43 106.1 Opaleseent 
3% Casein 9.20 12.40 30.57 100.0 Clear 
3% Casein 0.30 12.38 30.23 98.9 Clear 
3% Casein 0.40 12.39 30.57 100.0 Clear 
Skimmilk 0 7.02 1751 101.2 Opaleseent 
Skimmilk 0.050 12.02 1720 99.4 Opalescent 
Skimmilk 0.10 12.28 1694 97.9 Opalescent 
Skimmilk 0.20 12.37 1731 100.0 Clear 


*1.0 ml. of the alkaline casein solutions was taken for analysis; 0.50 ml. skimmilk 
(20/100) + 0.50 ml. NaOH were taken for analysis. 
» Recovery is based on the last sample in each group. 


sulted in opalescent solutions after citric acid analysis, the modification with 
0.2 meq. of NaOH gave clear reaction mixtures throughout. 

Washing of casein. Formation of yellow color with casein solutions, espe- 
cially in the absence of turbidity (Table 1), suggested that triple-washed casein 
contained citric acid. A study of the effect of washing on the removal of 
citric acid from casein was, therefore, undertaken. Acid casein, obtained from 
100-ml. portions of skimmilk by adding hydrochloric acid, was dispersed in 
100 ml. of approximately 0.1 M sodium acetate buffer solution at pH 4.50. 
The mixture was thoroughly suspended, then refiltered within approximately 
10 min.; in this manner, acid caseins resuspended from zero to nine times, 
along with the corresponding acetate washing solutions, were obtained. Each 
sample of casein was then dispersed in approximately 50 ml. of water, 
3.0 ml. of 10.0 N NaOH added, and the volume adjusted to 100 ml. Results of 
citrie acid analysis (Figure 1-A) showed that citrate-free casein was obtained 
after seven resuspensions in equivalent volumes of acetate buffer; the thoroughly 
washed casein showed no interference with the citrate method. Throughout, 
the concentration of citric acid in the casein solution was systematically related 
to that of the corresponding acetate washing solution, indicating that the 
resuspension technique was fully adequate for the establishment of equilibrium. 
Therefore, the concentration found in the acetate buffer reflected the degree 
of casein purity. 

In a duplicate experiment with another lot of milk, the acetate washing 
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Fig. 1. Washing of HCl casein in 0.1 M sodium acetate buffer at pH 4.50 (casein from 
100 ml. milk resuspended in 100-ml. volumes of fresh washing solution). 
A: Concentration of citric acid in the washing solution, viz., that remaining in the 
easein (dissolved in an equal volume of 0.3 N NaOH). 
B: Removal of various milk components from casein, expressed as a percentage of the 
initial serum concentration. 


solutions were analyzed for lactose and calcium, in addition to citric acid (the 
casein was not analyzed). As in the previous experiment, at least seven resus- 
pensions were required before removal of any of the three components could 
be considered complete (Figure 1-B). The results, expressed as per cent of 
the original acid serum concentration, show that retention by (and subsequent 
removal from) casein is proportional to the initial concentration of the various 
components. 

Adsorption of citric acid by casein at pH 4.5-4.6. Van Slyke and Van Slyke 
(16) have shown that acid-precipitated casein can retain various acids (i.e., 
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hydrochloric, sulfuric, acetic, and lactic) by means of a Freundlich (charcoal- 
type) adsorption (17) ; the authors did not study citric acid. However, Freund- 
lich’s data (4) indicated that citric acid retention was to be expected. 

To study adsorption, casein was prepared from 100-ml. lots of skimmilk by 
precipitation with hydrochloric acid or with trichloroacetic acid. The two 
casein samples were washed nine times by resuspension in 0.1 M acetate buffer 
at pH 4.50, then suspended in 190 ml. of approximately 9.5 mM/liter sodium 
citrate buffer solution at pH 4.58. After 30 min., during which the casein sus- 
pensions received periodic agitation, the total volume was noted, the suspensions 
were filtered, and the filtrates kept for citrate analysis. The caseins were dried 
in an air oven at 50° C. and their weight was used to correct the total volume.* 

Suspension of a thoroughly washed casein (whether obtained by HCl or 
TCA precipitation) in citrate solution at the iso-electric point of casein re- 
sulted in a decrease of from 7 to 9% in the citric acid concentration (Table 2). 


TABLE 2 
Adsorption of citrie acid by casein at the iso-eleetric point 
Total Citrie Acid, «g/ml 
volume 
of Casein Corrected Recov- 
suspen- Net Deter- for ery 
Type of sample sion Wt. Volume’ volume mined volume (%) 
(ml.) (g.) (ml.) (ml.) 
HCl casein filtrate 114.0 3.15 2.10 111.90 1,444 1,616 90.9 
TCA easein filtrate 116.0 3.23 2.15 113.85 1,448 1,649 92.8 


“Includes corrections (X 1.018) for 3.0 N HCl addition and (0.98) for approximate 
volume occupied by casein. 
°0.2 meq. of NaOH were added per test. 


For purposes of comparison, two samples of skimmilk and their hydrochloric 
acid sera also were analyzed; the results with hydrochloric acid sera were 
approximately 5% lower than those obtained with their respective skimmilks 
(Table 2). 

DISCUSSION 


The results show that a turbid or opalescent reaction mixture can occur 
in the citrate test if the aliquot of test solution is below pH 12.3. Waugh and 
von Hippel (18) have demonstrated that the dispersibility of a re-solubilized 
acid casein was improved by an alkaline treatment at pH 12.0. Our results 
indicate that opalescence does not introduce a large error in the analysis of 
diluted skimmilk (i.e., << 2.5%); however, it can cause overestimation at the 


*The volume occupied by casein was estimated by suspending 3.0 g. of Van Slyke and 
Baker casein (15) in 20 ml. of the 9.5 mM/liter citrate solution; the total volume obtained 
was 22 ml., giving an apparent specific volume of 0.67, which approximates the values 
reported by Ford et al. (3). 


e 


ANALYSIS FOR CITRIC ACID 1419 


higher casein levels introduced by aliquots of 1 and 3% solutions of re-solu- 
bilized casein (Table 1). It appears probable that lack of gross interference 
with skimmilk is due—at least in part—to improved dispersibility of the 
natural casein aggregate under conditions of the citrate test. With normal 
skimmilk, a clear test reaction is obtainable by addition of 0.2 meq. of NaOH/ 
test; however, with abnormal and modi‘ied milks, the required amount of 
alkali should be determined by a preliminary test. With skimmilk, the desired 
amount of alkali must be added as a separate addition to the colorimeter tube, 
and the volume of aqueous phase kept constant by a corresponding decrease in 
the size of the skimmilk aliquot. Recently, Evenhuis (2) used sodium caseinate 
solutions mixed in various proportions with a known sodium citrate solution 
(pH. 6.8) in a study of the pyridine—acetic anhydride method. He also fer- 
mented the citrate from milk and found that the casein had to be redissolved 
by addition of alkali to pH 6.9. In both types of experiment, the pH of the 
test aliquots was obviously below the value of 12.3 required to assure a clear 
reaction mixture and, therefore, his conclusion that the effect observed with 
these re-solubilized casein solutions would apply to analysis of normal skim- 
milk is erroneous. 

Complete removal of citric acid (and other milk components) from acid- 
precipitated casein requires very thorough washing (Figure 1-A aud 1-B); 
this is particularly important where the effect of casein on a citrate method 
is being studied. The gradual removal of milk components by successive wash- 
ing treatments of acid casein has also been noted by Muller (10), who per- 
formed lactose determinations on the casein as a means of assessing the effi- 
ciency of washing. Patten and Hergstrom (11) recommend agitation or com- 
pression of the curd in the presence of the acid whey to extrude calcium, after 
which the casein is triple-washed. Thoroughly washed casein (resuspension 7, 
8, and 9 in Figure 1-A) showed no interference with the citrate method, even 
though 1.0 ml. of approximately 3% solution (in 0.3 N NaOH) was used in 
the citrate test. In contrast, the triple-washed Van Slyke and Baker casein 
(15) used in the casein:alkali study (Table 1) contained approximately 1.0 
ng. of citric acid per milligram of casein. It is concluded that the substance 
identified as chromogenic material in casein in a previous publication (7) was, 
in fact, residual citric acid. 

Citrie acid is adsorbed at the iso-electrie point by casein obtained either 
by HCl or by TCA precipitation (Table 2). Retention of citrate by casein is 
lower in the presence of milk serum than in solutions containing citrate only, 
probably because other negatively charged components of the serum are ad- 
sorbed and displace some citrate (16, 17). A previous study (7) had shown 
that the citrate content of HCl serum was identical to that of TCA serum. 
This indicated that the degree of citrate adsorption was similar in both systems, 
even though the over-all positive charge of the casein particles was much 
greater in the TCA-treated milk (pH approximately 1.0). Because of this 
adsorption phenomenon, analysis of HCl or TCA acid serum does not provide 
a true value for total citrate in skimmilk, but yields a result which is from 
4 to 10% low. 
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COAGULATION OF MILK FOR CHEESE MAKING 
BY ESTER HYDROLYSIS? 


D. D. DEANE anp E. G. HAMMOND 
Dairy and Food Industry Department, Iowa State University, Ames 


SUMMARY 


The production of a coagulum in milk with compounds which hydrolyze slowly 
to produce acids has been investigated. Of the compounds tested (including anhydrides, 
esters, lactones, and lactides) p-glucono-delta-lactone and meso-lactide produced a 
_ uniform coagulum suitable for the manufacture of Cottage Cheese. Meso-lactide and 
p-glucono-delta-lactone at weights equal to 8.8 and 12.3% of the SNF, respectively, 
gave a pH of about 4.6 after complete hydrolysis. It was necessary to use about 0.02% 
ealeium chloride with the lactide to obtain normal expression of the whey during cooking. 
The coagulation time varied with the temperature of the inilk. Lactide required 2 hr. 
at 25° C. and 47 min. at 37.5° C. Glucono-lactone required about 15 hr. at 20° C. and 
3.5 hr. at 40° C. At higher coagulation temperst:ves the curd was firm enough to cut 
at a higher pH than is normally used. The ac. ’:‘ion of rennet made it possible to cut 
the curd at pH’s higher than normal and thus reduced the setting time. A coagulation 
temperature above 37° C. caused excessive matting of the curd. The Cottage Cheese 
produced by this method had a bland flavor and was very similar in appearance to that 
produced by starter culture. 


One of the vital steps in the manufacture of many varieties of cheese is the 
development of lactic acid in the cheese milk by a lactic starter culture. This 
step is also the source of many of tie problems of cheese making. The use of 
microorganisms for this purpose necessarily imposes certain limitations on 
the conditions that may be employed. The activity of the culture must be 
maintained, temperatures must be controlled during the process to obtain the 
desired rate of acid production, and the presence of inhibitory agents must 
be avoided. With all these precautions the product may lack uniformity, due 
to variations in the lactic culture used. In an effort to avoid these difficulties, 
various investigators (10, 12, 13) have attempted to bring about acidification 
and coagulation of milk by the direct addition of various acids to the milk. 
These early attempts were unsuccessful, sinve it was not possible to distribute 
the acid uniformly through the milk to produce a uniform coagulum or gel. 
The addition of small amounts of acid, insufficient to cause complete coagula- 
tion, resulted in undesirable localized areas of coagulation. 

Hucker and Marquardt (3) reported the use of pure lactic acid in place of 
a lactic starter in the manufacture of Cheddar Cheese from raw milk. How- 
ever, these workers also reported making Cheddar Cheese without either starter 
or lactic acid, and it would seem that their results were due to the initial flora 
of the raw milk rather than to the acidulation of the milk with lactic acid. 

Mabbitt et al. (7) reported that glucono-delta-lactone, when dissolved in 
milk, hydrolyzed slowly to produce gluconie acid, and formed a suitable curd 
for making Cheddar Cheese. The use of this compound modified the manu- 
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facturing process in two ways: (1) The rate of hydrolysis was most rapid 
immediately after the lactone was added, subsequently decreasing at a uniform 
rate. Therefore, during cooking, and afterward, little acid was produced in 
the curd particles if no lactic culture was used ; (2) the resulting curd contained 
more lactose than that made with a lactic culture, which would probably affect 
the microflora that developed during the curing period. 

This paper describes attempts to make Cottage Cheese without a lactic 
eulture. As the acid-producing agent, or acidogen, p-glucono-delta-lactone as 
well as other compounds which hydrolyze to produce the desired acidity were 
used. 

METHODS 

Each compound tested as an acidogen was dissolved in milk at a concentra- 
tion caleulated to yield a final pH of approximately 4.5. The compound was 
stirred into the milk and the rate of solution and pH drop were observed. 
Acidogens which dissolved readily and which gave a sufficient drop in pH 
within 16 hr. were examined further. The level of acidogen needed to yield 
a coagulum then was determined, and those which gave a smooth coagulum 
were used to make Cottage Cheese on a laboratory scale. 

With the exception of the lactides, all of the acidogens were obtained com- 
mercially. The p-glucono-delta-lactone was obtained from Chas. Pfizer and Co. 

Racemie and meso-lactides of lactic acid were prepared by a method similar 
to Carothers et al. (2), as follows: Nine hundred grams of 85% lactic acid 
were placed in a 1-liter round-bottomed flask, heated with a heating mantle, and 
stirred with a magnetic stirrer until the temperature of the contents reached 
120° C. The temperature was maintained at 120° C. for about 6 hr., to drive 
off all water of dilution. The flask was then fitted with a distilling head and 
a 1-liter round-bottomed receiver and heated to 140 to 150° C. for 12 to 13 hr. 
under the pressure attainable with a water pump. During this time the pressure 
fell to a value of 11 mm. After 10 hr. of heating the process was interrupted 
and all the material which had distilled was returned to the reaction vessel. 
Next, 9 g. of zine oxide was added, and the lactide was distilled under about 
5 mm. pressure. The temperature ranged widely during the distillation, as 
this step is essentially a depolymerization of the long linear polymers of lactic 
acid to its volatile cyclic dimer. The distillate weighed 574 g. 

Since the starting lactic acid is a racemic mixture, the distillate consists of 
three possible isomeric lactides, pp, pi, and Lu. The pp and uu will form a 
racemic mixture, but the pi will have different properties. The pi and racemie 
mixture should be formed in equal amounts. Only one form of lactide melting 
at about 128° C. has been isolated from racemic lactic acid (2, 4, 11). The pp 
and iu forms by themselves are reported to melt at 95° C. (5,6), and a racemic 
mixture of these is reported to melt at 125° C. (6). It was possible to isolate 
lactides melting at 128 and 41°C. from the distillate described. Since the 
128°-melting form is the racemic mixture, the low melting form must be the 
meso (pL) form.* The two forms were separated as follows: 


* This is the reverse of the notation used in our abstract, J. Dairy Sci., 42: 901. 1959. 
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The distillate was dissolved in 330 ml. of chloroform at the boiling point 
and cooled to 3° C. The erystals were filtered off, washed with 150 ml. of chlo- 
roform, and dried. The crystals weighed 231 g. The filtrate was heated to 
120° C. to drive off the chloroform, and after the residue had cooled it was 
dissolved in 330 ml. of ether. The solution was cooled to 3° C., and the lactide 
crystallized as a hard cake. This was broken up, ground in a mortar, and 
filtered. The crystals which weighed 212 g. were washed with 150 ml. of ether. 
The erystals obtained from the chloroform melted at 123 to 127° C. The erystals 
obtained from the ether were predominantly the meso-lactide. They were 
further purified by heating to boiling in 330 ml. of ether. Some 12 g. of the 
material did not dissolve. This was filtered off and found to be racemic lactide. 
The filtrate was cooled to 0° C. and filtered and 179 g. of material melting at 
42 to 45° C. were obtained. On cooling the filtrate to —30° C., 19 g. more (melt- 
ing at 41 to 42° C.) was recovered. The latter material was found to have a sa- 
ponification equivalent 72.90 (eale. 72.0). The carbon and hydrogen analysis indi- 
eated 49.99% carbon and 5.61% hydrogen (calculated 50.00% C., 5.60% H). 
The meso-lactide should be protected from moisture and stored in a desiccator. 
The racemic-lactide, if pure, will survive exposure to high humidities. 

The laboratory scale preparations of Cottage Cheese were performed as 
follows: Two kilograms of fresh skimmilk or reconstituted Grade A low-heat 
nfdm* of known solids content were placed in an aluminum pan 11 by 8 by 
314 in., held in a constant temperature bath. The amount of acidogen added 
was based on. the solids content of the milk, which is directly related to the 
buffer capacity, and was caleulated by the equation: 


Weight of acidogen = K (% solids) (weight of milk) 


where K is an empirical constant related to the nature of the acidogen. It was 
necessary to determine the weights and percentages to about one part in 100 
for satisfactory control of the pH. The desired amount of acidogen was stirred 
into the milk by hand or with a reciprocating mechanical stirrer. The pH was 
determined with a Beckman zeromatic pH meter. Stirring was terminated 
before the pH reached 5.2. The acid generation was allowed to continue un- 
disturbed until a firm coagulum had formed. At cutting, the pH usually was 
about 4.7 to 4.8, but it varied with temperature and the characteristics of the 
acidogen. The coagulum was cut with 14- or 14-in. cheese knives, made to fit 
the pan. The cooking procedure varied somewhat with the temperature of the 
set and the behavior of the curd but, in general, resembled that used in making 
Cottage Cheese with lactic starter. The final cooking temperature usually was 
130 to 140° F. In some trials, CaCl. and/or rennet extract also was used. When 
used, 0.02 to 0.04% CaCle was added prior to the addition of the acidogen. 
Rennet extract was diluted 1: 1000 with distilled water and the diluted extract 
added at the rate of 1 to 2.5 ml/Kg of milk after the acidogen had dissolved. 

Several lots of Cottage Cheese were prepared on a pilot plant scale, using 
approximately 200 to 250 Ib. of milk in a 50-gal. cheese vat. In these experi- 


* Consolidated Badger Company, Shawano, Wisconsin. 
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ments p-glucono-delta-lactone was used, since it is the only suitable acidogen 
that is available on a commercial scale. The procedure was essentially the same 
as that used on the laboratory scale. 

The solids in the milk were determined by the Mojonnier procedure (8). 
The solids in the Cottage Cheese were determined by drying 4 to 5 g. of curd 
in an aluminum dish containing dry sand at 105-110° C., in an atmospheric 
oven for 24 hr. 

SELECTION OF SUITABLE ACIDOGENS 


An acidogen, to be suitable, should exhibit the following characteristics: 
(1) It must be nontoxic. (2) It must not react with the constituents of milk 
to form toxic products or reduce its nutritive value. (3) It must dissolve readily 
in milk. (4) It must produce acid at a reasonable rate. (5) It must not alter 
the properties of the curd obtained. (6) It must not impart a flavor to the 
finished cheese. (7) It should be inexpensive and readily available. 

There are many compounds which react with water to produce an acid, but 
most of them fail to meet some of the requirements mentioned above. This in- 
vestigation has been restricted to compounds believed to be reasonably nontoxic 
and commercially available or readily prepared. 

Of the compounds tested, the following were found unsuitable because of 
their limited solubility: racemic lactide, succinic anhydride, diethyl sulfate, 
sulfuryl chloride, phosphorus oxychloride, phosphorus pentachloride, acetyl 
chloride, and glutaric anhydride. These compounds either did not disperse at 
all in the milk or reduced the pH below 5.2 before they were completely dis- 
solved. The result was a very uneven coagulum or coagulation on the bottom 
of the milk only. Stirring below pH 5.2 was considered detrimental to good 
coagulation. 

Of the compounds tested, the following were rejected for slow or undetected 
production of acid: sulfamic acid, metaphosphorie acid, p-galactono-gamma- 
lactone, and p-glucurono-gamma-lactone. 

Acetic anhydride, beta-propiolactone, and glutaric anhydride were rejected 
for altering the properties of the coagulum. As mentioned above, glutaric an- 
hydride also was of limited solubility. Acetic anhydride and _ beta-propiolae- 
tone both produced coagulums, but a pH considerably lower than normal was 
required to form a firm gel. It is believed that these reagents acylate the amino 
groups on the casein as well as form acid. This alters the isolectrie point of 
the protein. This was further substantiated by performing a formol titration 
on the acetic anhydride-treated milk (14). It was found that the acetic an- 
hydride treatment reduced the formol titration approximately one half. Altera- 
tion of the protein was also indicated by the difficulty experienced in cooking 
out the curd. Even after long cooking the curd was mushy and had a high 
moisture. Most of the flavor of acetic acid could be removed when the cooked 
curd was washed. 

Two compounds were found that seem to meet all the criteria mentioned 
above. They are meso-lactide and p-glucono-delta-lactone. When added to milk 
these form lactyl-lactie acid and p-gluconie acid, respectively. The lactyl-lactic 
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acid is not further hydrolyzed in the pH range encountered (4). It is believed 
that both of these compounds are harmless and readily metabolized. There is 
no reason to believe that they react with other groups in the milk; at least, they 
do not alter the coagulation properties of the casein or affect the cooking prop- 
erties of the curd. It has been found that calcium ion must be added to get 
good expression of the whey when meso-lactide is used, but this is believed to 
have a direct effect on the mineral balance of the system. Meso-lactide has 
the further disadvantage of not being very soluble in the milk; however, if it 
is well purified and finely divided it will work satisfactorily. It has the ad- 
vantage of hydrolyzing very rapidly and shortening the coagulation time. 
p-glucono-delta-lactone is easily soluble in the milk and is commercially avail- 
able; however, it is much slower in hydrolyzing than is lactide. Neither ad- 
versly affects the flavor of the cheese curd. 

Other delta-lactones and lactides have not been tested, although there is no 
reason to think they might not work. Delta-lactones, in general, hydrolyze more 
rapidly than the gamma-lactones (9). The gamma-lactones tested here were all 
too slow. It has been reported that an enzyme catalyzing the hydrolysis of 
p-glucono-delta-lactone exists (1). This might be used to speed the hydrolysis. 
The only other lactide that is well known is glycolide, the lactide of glycolic. 
acid. This has not been tried, but it is said to hydrolyze more rapidly than 
meso-lactide (4) and its solubility should not be much greater. If lactides were 
made from longer-chain alpha-hydroxy acids, it would be desirable to attach 
some hydrophilic group to the molecule to increase the water solubility of the 
resulting lactide. 


COTTAGE CHEESE MAKING WITH ACIDOGENS 


Data obtained in the manufacture of Cottage Cheese with various acidogens 
on a laboratory scale are given in Table 1. Table 2 presents the data obtained 
with p-glucono-delta-lactone on a pilot plant seale. 

Table 1 shows that calcium chloride has a rather marked effect when meso- 
lactide is used, but does not affect the curd obtained with glucono-lactone. Thus, 
when lactide is used, the addition of calcium chloride markedly decreases the 
cooking time and facilitates the expression of the whey. Moreover, the level of 
lactide needed to achieve a given pH is decreased by the addition of calcium 
chloride. The effect of calcium chloride has not been studied systematically, 
but it appears that 0.02% restores the normal cooking properties of the curd. 
It seems probable that the lactyl-lactic acid formed ties up the calcium in the 
milk in some way. 

Rennet added along with the acidogen decreases the coagulation time con- 
siderably. The resulting coagulum can be cut sooner and the acid will continue 
to develop after cooking has begun. This reduces the over-all time required. 

The temperature at setting markedly affects the rate of hydrolysis of the 
acidogen. Glucono-lactone requires 900 to 1,000 min. to coagulate skimmilk at 
20° C., but only one-fourth to one-fifth that length of time at 35° C. The hy- 
drolysis of the lactide also is accelerated at higher temperatures. The higher 
temperature at coagulation with glucono-lactone is associated with a higher pH. 
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at coagulation. Thus, a high setting temperature accelerates the cheese making 
process. Setting the milk at temperatures above 37° C., however, produces a 
coagulum that is very stringy and clings to the knives. The curd formed loses 
whey, and mats so rapidly that the individual cubes can not be kept separate. 
It does not appear possible to coagulate milk with an acidogen at temperatures 
above 37° C. and still follow normal Cottage Cheese making methods. 

The final pH that will be reached is determined at the addition of the 
acidogen. Thus, contrary to usual practice, it is quite possible to let the coagu- 
lum set for long periods without fear that a higher acidity will develop. On 
the other hand, if the wrong amount of acidogen is added, the mistake can not 
be corrected. It has been found that the final pH can be controlled to within 
0.1 pH unit if the solids and acidogen are known within 1% accuracy. Normal 
variations in the pH of fresh milk do not materially affect the level of acidogen 
required. 

The titratable acidity is not a reliable measure of rate of acid development 
when acidogens are used. This is because the acidogen rapidly hydrolyzes under 
alkaline conditions. Thus, any attempt to titrate the milk to the phenolphthalein 
end point gives a measure more closely related to the total amount of acidogen 
than to the amount hydrolyzed. A pH meter is quite valuable in following the 
development of acidity. However, as the data indicate, the pH at which the 
eurd was cut varies considerably, and the nature of the coagulum rather than 
the pH was used as a criterion for judging when the curd should be cut. 

The experiments made on a laboratory scale, using the 1-in. knives, fre- 
quently resulted in nonuniform curd. An important part of this effect can be 
attributed to the pH meter. After the curd was cut, and before it was stirred, 
it was noted that the portion of the curd that had coagulated near the pH meter 
electrodes did not expel whey nearly as well as that further away. This is 
believed to be due to the effect of the potassium chloride from the calomel 
electrode on the salt balance of the milk. 

The pilot plant experiments with glucono-lactone in general confirmed the 
laboratory scale tests. However, the whey was expelled more readily from the 
eurd on a pilot plant scale because of the greater depth of curd. 

The flavor of the Cottage Cheese prepared from meso-lactide and glucono- 
lactone was pleasant and bland. Creamed Cottage Cheese with a very mild 
flavor could be obtained by simply creaming the resulting curd. For a more 
flavorful Cottage Cheese, starter distillate could be added or the cream could 
be inoculated with a suitable lactic culture. The curd made with the glucono- 
lactone on a pilot plant scale seemed to absorb the creaming mixture more 
readily than curd made with lactic starter. There was some indication that 
Cottage Cheese prepared by the acidogen process is not as likely to become 
mealy if over-cooked, as is cheese produced with starter. 

The results show that it is technically possible to prepare a very satisfactory 
Cottage Cheese by using meso-lactide or p-glucono-delta-lactone to develop acid 
in the milk. It is not clear to what extent this process might compete with the 
conventional procedure. It does aot appear likely that the savings in time, labor, 
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equipment, and culture will entirely offset the added cost of the acidogen. 
However, the convenience and reliability of this method may appeal to some. 
The acidogen process obviously will not be affected by antibiotics, bacteriophage, 
and the other vicissitudes to which bacteria are subject. The acidogen process 
makes it possible to produce Cottage Cheese in remote areas where cultures and 
skilled cheese makers are not easily obtained, and a long processing time is in- 
convenient. Also, the acidogen process is more easily controlled and duplicated 
than the lactic starter process. This should make it more readily adaptable 
to mechanized cheese making. It is possible that this process will also provide 
a way to study the effect of selected strains of bacteria on the development of 
body, texture, and flavor in various types of cheese. 
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EFFECT OF CHANGING THE FAT AND NONFAT SOLIDS OF MILK? 


SAHIBZADA SHEIKH WAHID-UL-HAMID* anp L. J. MANUS 


Department of Dairy Science 
Washington State University, Pullman 


SUMMARY 


Milk containing 2 and 3% fat was more acceptable in flavor than milk containing 
4% fat, when each was standardized to 12, 13, 14, and 15% total solids. No statistically 
significant differences in flavor were observed for milk containing 2 or 3% fat together 
with 11 or 12% nonfat milk solids, but these were more acceptable in flavor than regular 
unfortified University plant milk containing 3.7% fat and 9.2% nonfat milk solids. By 
comparison, the regular plant milk tasted watery and flat. 


The total amount of fat and nonfat solids (NFS), as well as the ratio of 
fat to NFS, is quite variable in market milk. 

In 1958, when this study was initiated, there was a very large surplus of 
nonfat milk solids. The study to determine the acceptability of milk and/or 
milk beverages in which both the fat and NFS were standardized to definite 
levels had the following objectives: (a) To find a method for placing into 
food channels the surplus NFS, (b) to find a method of placing before the 
public a unit volume of milk of definite nutritional value. 

Industry has had fine success in marketing nonfat milk when NFS are 
inereased to approximately 10%. Another milk beverage, ‘‘2-10’’ (2% fat and 
10% NFS), is popular with the housewife. The increase in the NFS eliminates 
to a considerable degree the flatness and watery flavor inherent in nonfat milk. 

After this study was under way, Stull and Hillman (4) reported, ‘‘Many 
people can differentiate between milk beverages with variations of 0.5 and 
1.0% in fat and NFS, respectively.’’ They found, by paired preference test, 
that beverages with 0.5 and 1.0% added NFS were preferred. However, they 
found no significant difference in preference for a regular whole milk (3.5% 
fat and 8.5% NFS) when compared with a low-fat beverage (2.0% fat and 
10% NFS). 

EXPERIMENTAL PROCEDURE 


Source and treatment of milk. The milk used in the experiment was a mix- 
ture of evening and morning milk from the University herd of Holstein, 
Guernsey, and Jersey cattle. The milk was standardized before pasteurizing 
to 3.7% fat and the NFS content ranged from 9.2 to 9.3%. 

The milk was vat-pasteurized at 143-145° F. for 30 min. as a part of the 
regular University dairy plant operation. After the milk was cooled in the vat 
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to 120-125° F., 10 gal. were drawn for each trial and immediately separated. 
The cream contained 13 to 20% fat. Immediately after the separation was 
completed the cream was homogenized at 1,800-2,000 p.s.i. by use of a Multi-Flo 
homogenizer. The homogenized cream and skimmilk were cooled in flowing 
water to approximately 55° F. and then placed in a 35-40° F. refrigerator until 
the next day. A portion of the skimmilk was either standardized to about 20% 
NFS by the addition of instantized NFS or it was condensed to approximately 
25% total solids (TS) under 24-24.5 in. of vacuum in a 16-in. vacuum pan. 

Levels of standardization. The milk for each trial was standardized to yield 
samples of the following composition : 


Group 1 Group 2 Group 3 Group 4 
12% TS 13% TS 14% TS 15% TS 
% Fat %ZNFS %Fat %Fat ZNFS AZNES 
2 10 2 1l 2 12 2 13 
3 9 3 10 3 11 ‘ 12 
4 8 + 9 + 10 + 11 


The standardization was accomplished by suitable combinations of cream, 
normal skimmilk, condensed or reinforced skimmilk, and/or distilled water. 

Analysis for fat and total solids. The products used in preparing milks 
were tested for fat in duplicate by a modified Babcock fat test (2) and for TS 
(1) in duplicate by drying 2-g. samples at 100° C. for 5 hr. The standardized 
milks contained the desired fat content and total solids content within +0.2%. 

Judging panels. Six members of the departmental staff experienced in the 
judging of milk ranked the samples as to preference. The samples in Trials 
3, 4, 5, and 6 were also ranked as to preference by 38 individuals who had had 
no previous experience in the judging of milk. Not all individuals were avail- 
able to judge all replications. The six-member panel will be referred to as the 
T.P. (technical panel) and the other panel members as C.P. (consumer panel). 


TABLE 1 
Summation of ranks of samples within groups 

Group 1 (12% TS) 2 (13% TS) 3 (14% TS) 4 (15% TS) 
Sample No."*................ 2-10 3-9 4-8 2-11 3-10 4-9 2-12 3-11 4-10 2-13 3-12 4-11 

Trial No. 1 (replicated 5 times)” 
Sum of ranks 40.5 45.0 76.5 41.5 43.5 71.0 465 49.0 605 61.0 40.5 60.5 
W values 0.5277 0.4016 0.0832 0.1876 
Level of significance P<0.01 P<0.01 NSS. P<0.01 

Trial No. 2 (replicated 6 times)” 
Sum of ranks 43.5 64.0 96.5 60.0 59.0 85.0 67.0 51.0 74.0 68.0 55.0 69.0 
W values‘ 0.6178 0.1877 0.1357 0.0596 
Level of significance P<0.01 P<6.01 P<0.01° N.S. 


Total sum of ranks 84.0 109.0 173.0 101.5 102.5 156.0 113.5 100.0 134.5 129.0 95.5 129.5 


“The first number indicates per cent fat; the second number indicates per cent NFS. 

> Trial No. 1—additional NFS supplied from skimmilk reinforced with instantized NFS 
and Trial No. 2—from condensed skimmilk. 

© Coefficient of concordance, W value, measures the degree of significance between the 
most acceptable and the least acceptable samples. 
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TABLE 2 


Summation of ranks of samples selected from four groups with 12, 13, 14, and 15% total 
solids and 2, 3, and 4% fat samples in each group 


Level 

of sig- 

Ww nifi- 

Sample numbers... 2-10 3-10 2-11 3-11 2-12 3-12  3.7-9.2" values” cance 

Trial No. 3 (replicated 8 times)“ 

T.P.° sum of ranks 214.0 193.0 144.5 141.0 144.5 129.0 , 0.158 P<0.01 
C.P.‘sum of ranks 229.5 236.5 205.5 186.0 192.5 207.0 0.031 N.S. at 
5% level 
Total sum of ranks 443.5 429.5 350.0 327.0 337.0 336.0 ei 0.068 P<0.01 


Trial No. 4 (replicated 6 times)* 
T.P.sum of ranks 153.5 129.5 94.0 112.5 130.0 125.0 207.5 0.2440 P<0.01 
C.P.sum of ranks 246.5 198.5 184.5 169.0 176.0 158.5 295.0 0.2001 P<0.01 


Total sum of ranks 400.0 328.0 278.5 281.55 306.0 283.5 502.5 0.2044 P<0.01 
Grand sum of ranks 843.5 757.5 628.5 608.5 643.0 619.5 


* Homogenized milk from the University dairy plant. 

” Coefficient of concordanse, W value, measures the degree of significance between the 
most acceptable and least acceptabie samples. 

° Technical panel. 

“Consumer panel. 

* Trial 3—additional NFS supplied from skimmilk, reinforced with instantized NFS and 
Trial 4—from condensed skimmilk. 


Judging procedure and analysis. A disinterested member of the staff coded 
and randomized the samples for each period of judging. In Trials 1, 3, and 5 
the added NFS required to standardize the samples to the desired levels were 
supplied from skimmilk reinforced with instantized NFS. In Trials 2, 4, and 
6 the additional NFS were supplied with condensed skimmilk. 

Following the standardization for any given replicate of a trial, the samples 
were coded and randomized. In Trials 1 and 2 (Table 1) the groups were also 
randomized. Two groups (Table 1) were judged on the day of preparation and 
the remaining two groups the next forenoon. In Trials 3, 4, 5, and 6 the entire 
replicate was judged at one time. 

The samples were ranked as to preference. The best-liked sample in a group 
(Table 1) or sample in a replicate (Tables 2 and 3) was given a rank of 1, the 
second best a rank of 2, ete. 

W values found by applying the coefficient of concordance (3) were con- 
verted to Z values to determine the level of significance between the most 
acceptable and the least acceptable sample. 


RESULTS AND DISCUSSION 

The study of the samples presented in Table 1 was used to determine if 
differences existed in preference for milks in which the fat:NFS ratio varied 
within a TS grouping. The milks containing 2 and 3% butterfat were more 
acceptable than those containing 4% fat at all levels of TS studied. Samples 
2-10, 2-11, 3-10, 2-12, 3-11, and 3-12, where the first number represents per cent 
fat and the second NFS (Table 1), were preferred within their individual total 
solids group. No differences in preferences were noted between Samples 2-11 
and 3-10 or between 2-12 and 3-11. 
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TABLE 3 
Summation of ranks for milk samples of composition selected as most accpetable in Trials 
3 and 4 
Coeffi- 
cient 
of con- 
cord- Level 
ance of sig- 
nifi- 
3-10 2-11 3-11 2-12 3-12 3.7-9.2" values cance 
Trial No. 5 (replicated 3 times) * 
TP“ 38.0 34.0 38.0 30.0 70.0 0.5224 P<0.01 
C.P..sumofranks _........ 45.5 57.5 55.0 53.0 74.0 0.1233 P<0.01 
Totalsumofranks —___......... 83.5 91.5 93.0 83.0 144.0 0.2399 P<0.01 
Trial No. 6 (replicated 6 times) * 
T.P. sum of ranks 146.5 1125 111.0 110.0 1055 1495 0.0925 P<0.01 
C.P. sum of ranks 139.0 1165 105.5 89.5 89.5 132.0 0.1229 P<0.01 
Total sum of ranks 285.5 229.0 216.5 199.5 195.0 281.5 0.1012 P<0.01 
Grand sum of ranks 312.5 308.0 292.5 278.0 425.5 


*Homogenized milk from the University dairy plant. 

» Coefficient of concordance, W value, measures the degree of significance between the 
most acceptable and the least acceptable samples. 

© Technical panel. 

“Consumer panel. 

* Trial No. 5—additional nonfat solids supplied from skimmilk reinforced with instantized 
nonfat milk solids and Trial No. 6—from condensed skimmilk. 


The composition of milks judged as most acceptable within given total solids 
groups (Table 1) were compared for acceptability. The effect of total solids 
is clearly evident in Trials 3 and 4 (Table 2). Samples 2-10 and 3-10 were the 
least acceptable. Both were considered flat or watery by comparison with the 
other samples. The 2-10 sample probably rated low because of the low TS, and 
3-10 because it tasted less sweet. 

Milks of a composition of 2-11, 3-11, 2-12, and 3-12 were compared, together 
with the regular University homogenized pasteurized milk (3.7% fat, 9.2-9.3% 
NFS) (Table 3). Samples 2-11, 3-11, 2-12, and 3-12 were difficult to distinguish 
flavorwise. The regular milk from the University plant was consistently criti- 
cized as being thin or watery, although it is not so criticized when not being 
compared with the standardized milk of higher TS. Though the University milk 
is considered a very good milk, apparently it could be improved by reducing 
the fat and inereasing the NFS content. 

Stull and Hillman (4) found no difference in flavor preference when 2-10 
milk was compared with regular whole milk (3.5% fat, 8.5% NFS). However, 
their milks were standardized to only 12% TS; whereas, the 2-10 samples in 
our experiment were not compared with the regular standardized University 
milk which contained 3.7% fat and 9.2-9.3% NFS. 

At the TS ranges of 13, 14, and 15% the panel members did not readily 
distinguish differences in flavor between the most acceptable milks, 2-11, 3-11, 
2-12, and 3-12 (Table 3). These results vary somewhat from the results reported 
by Stull and Hillman (4), that many people can differentiate between milk 
beverages with variations of 0.5 and 1.0% fat and NFS, respectively. This does 
not appear to be so easy at TS levels of 18% or higher. 
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The results indicate that reducing the fat to 2 and/or 3% and raising the 
TS content to 13, 14, or even 15% may increase consumer acceptance (Table 2 
and 3). Economically, increasing the NFS to definite and higher levels would 
eliminate any NFS surpluses. Such standardization appears to improve the 
flavor and certainly would improve and make more uniform the nutritional 
quality of a unit volume of milk. 
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PREDOMINANT BACTERIA IN THE RUMEN OF CATTLE ON 
BLOAT-PROVOKING LADINO CLOVER PASTURE ! 


M. P. BRYANT, B. F. BARRENTINE,’ J. F. SYKES, I. M. ROBINSON, 
C. V. SHAWVER, anp L. W. WILLIAMS 


Dairy Cattle Research Branch, USDA, Beltsville, Maryland, and Department of 
Animal Husbandry, Mississippi State College, State College 


SUMMARY 


A study was made on the microorganisms in the rumen of six yearling steers 
pastured on bloat-provoking Ladino clover. Three animals were selected for study 
on the basis of being good bloaters and three were nonbloaters. Studies on the bloaters 
were made before and 24 hr. after they were treated orally with 50 mg. of procaine 
penicillin to prevent bloat. There were no significant differences between animal groups 
in pH of ruminal contents, counts of cellulolytie bacteria, total anaerobic bacterial 
counts, or the occurrence of 11 presumptively identified bacterial groups. Counts of 
facultatively anaerobic streptococci were significantly depressed in the penicillin-treated 
group, but no other effects of treatment appeared to be significant. The means of the 
total anaerobic bacterial counts of the bloaters were higher than those of the two other 
groups, but the difference only approached significance. It is evident that the occurrence 
of bloat in animals consuming Ladino clover is not related to large differences in the 
numbers or species of ruminal microorganisms. 

The bacterial flora of the rumen of these Ladino clover—pastured steers, culturable 
in rumen fluid agar medium, differed somewhat from usual, in that the total anaerobic 
counts were high (5.8-8.0 billion per gram), the proportions of cellulolytic bacteria 
(ruminococei and Bacteroides succinogenes) were very low, a species of anaerobic 
homofermentative lactobacilli was among the predominant bacteria, and the propor- 
tions of the genus Butyrivibrio were high and those of the genus Lachnospira were 
unusually high. 


Numerous studies have suggested that ruminal bacteria are intimately 
involved in the etiology of bloat. Barrentine, Shawver, and Williams (1) 
showed that certain antibiotics were effective over a short period in the control 
of bloat caused by legumes. Hungate et al. (15) showed that the rate of both 
acid and gas production are greater in rumen contents from bloating animals 
than from nonbloating animals fed the same Ladino clover pasture. However, 
several workers have shown that the ruminant can eliminate free gas from the 
rumen at a far faster rate than necessary to prevent bloat, so that the rapid 
microbial production of gas alone is not considered a primary cause of bloat. 

It now is generally agreed that entrapment of ruminal gases in a stable 
foam which can not be eliminated is the main cause of bloat [see Johns (17) }. 
However, little is known of the factors involved in the production of stable 
foam. Hungate et al. (15) suggested that bacterial slime production was a 
cause of the stable foam in bloat due to legumes. Jacobson ef al. (16) found 
the degree of encapsulation of ruminal bacteria to be highly correlated with 
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bloat of the feedlot type, and Gutierrez et al. (12) suggested that the increased 
numbers of slime-producing Streptococcus bovis and Peptostreptococcus elsde- 
nu producing a filamentous mat in animals bloated on the feedlot type ration 
might be involved in the production of a stable foam. Gutierrez, Davis, and 
Lindahl (11) found considerable amounts of slime to be produced by strains 
similar to Butyrivibrio fibrisolvens and Bacteroides ruminicola during growth 
on alfalfa saponin, and suggested that this reaction could be of significance 
in bloat. 

Mangan (18) indicated that cytoplasmic protein of the plant is of major 
importance as a foaming agent and showed that chloroplasts from red clover 
have a high anti-foaming property. This appeared to be due to their high 
concentration of lipids, since chloroplasts washed with acetone and ether had 
no anti-foaming properties. Mangan, Johns, and Bailey (19) suggest that these 
chloroplasts play an important part in the etiology of bloat and suggest that 
ruminal bacteria normally modify the chloroplast lipid in some way to lessen 
its anti-foaming property. They suggest that penicillin may inhibit these 
bacteria and thereby control bloat. It can also be inferred from this hypothesis 
that ruminal bacteria in nonbloating animals fed bloat-provoking legumes 
differ in their metabolism of chloroplast lipid from bacteria in bloating animals 
on the same diet. 

If the metabolic activities of ruminal bacteria are intimately involved in 
the etiology of bloat, then differences in rumen bacterial metabolism in bloating 
and nonbloating animals on the same diet might reflect a qualitative and/or 
quantitative difference in the species of bacteria active in the rumen. 

The present study was undertaken to determine if differences could be 
found in the predominant bacterial groups present in bloating and nonbloating 
eattle fed on Ladino clover pasture. The effect of penicillin on the incidence 
of bloat and the ruminal population also was examined. 


EXPERIMENTAL PROCEDURE 


Yearling steers were pastured on Ladino clover at Mississippi State Uni- 
versity for 90-min. periods beginning at 7:30 a.m. and 2:30 p.m. daily. Animals 
were selected for study on the basis of being prone to bloat or resistant to bloat. 
The determination of whether animals bloated was based on visual observations 
only. Table 1 shows the incidence of bloat and time of penicillin treatment 
and sample collection of ruminal centents. 

Sample collection, methods of dilution, and inoculation of culture media, 
and the total anaerobic count medium (rumen fluid-glucose-cellobiose medium ) 
were those previously described by Bryant and Burkey (3), except that rumen 
fluid from Ladino clover—fed cattle was used in the medium. Other media 
inoculated were cellulose liquid medium (3), aerobic medium identical with 
the anaerobic medium except that NasCO3, COs, and cysteine-HCl were deleted, 
and the selective lactobacillus medium of Rogosa et al. (21). 


The pH of the whole rumen contents was determined with a glass electrode 
pH meter within 15 min. of collection. 
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TABLE 1 


Occurrence of bloat and time of penicillin dosing and sample collection in selected bloating 
and nonbloating steers 


Date Bloating steers Nonbloating steers 
27 4 49 33 34 50 
A.M. P.M. A.M. P.M. A.M. P.M. A.M. P.M. A.M. P.M. A.M. P.M. 

June 4 +* 0 0 0 0 0 0 0 
5 0 0 0 0 0 0 0 0 
6 + za a 0 0 0 0 0 0 0 0 

7 0 0 0 0 0 0 
8 0 0 0 0 0 
9 +> oo + + o 0 0 0 0 0 ~ 
10 +° 0 + + + + 0 0 0 0 0 0 
11 o 0 a + + + 0 0 0 - 0 0 
12 0 0 0 0 0 0 
13 + ao +» + + oa 0 0 0 ~ 0 0 
14 (out) +° + + + 0 0 0 
15 + + + oo + 0 (died) 0 0 
17 0 + oo a 0 0 
18 + +° 0 0 0 
19 + + 0” 0 o 0 0 
20 0 0 0 0 0 
21 oP 0 0 0 + 0 0 0 
22 0 0 + 0 + 0 0 0 
23 0 0 0 0 0 0 0 0 
24 0 0 0 0 


| 
| 
| 


bloated, 0 = not bloated. 
>» Sample was collected on this date at 1 P.M. 


*The animal was given orally and by capsule 50 mg. of procaine penicillin at 1 P.M. on 
this date. 


Colony counts were obtained from duplicate plates of the lactobacillus 
medium, and aerobic medium inoculated with appropriate dilutions and incu- 
bated for 72 hr. at 37° C. The counts of cellulolytic bacteria were obtained by 
the most-probable-number method previously described (8). Anaerobic colony 
counts reported were means of counts from five roll tube cultures at each of 
two dilutions (either 10°. and 3 X 10° or 3 X 10° and 10°). 

Representative colonies from the aerobic plates were studied by microscopic 
observations of gram stains. Fifty-five colonies were picked from the anaerobic 
medium inoculated with each sample and studied for colony type, morphology, 
motility, gram reaction, final pH, and appearance of growth in glucose liquid 
medium, relations to oxygen, H2S production, gas production, and cellulose 
digestion, as previously indicated (6). 

These characteristics were used to presumptively identify the strains, as 
indicated in Table 2. Reference to detailed descriptions of the characteristics 
of species to which Groups 1, 2, 3, 5, 6, 7, 8, and 9 were presumptively assigned 
are given by Bryant (2). Further characteristics of representative strains of 
Groups 4 and 10 were described (2). 

Representative strains of Groups 3, 5, 8, and 11 have been studied in detail 
in all characteristics utilized by Bryant et al. (7), except fermentation prod- 
ucts and Groups 3, 5, and 8 corresponded to the presumptive identification given 
in Table 2 (unpublished data). Strains of Group 11 varied greatly in charac- 
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teristics, including HeS, amount of gas, final pH, ammonia production from 
trypticase, sugars fermented, and colony size, and although flagella were very 
difficult to stain, they appeared to be mainly monotrichous and polar, or polar 
tufts, and a few strains had peritrichous flagella. Further studies on the 
identity of this group are warranted, as similar strains have been found in 
small numbers in the rumen of cattle on many dietary regimes. 


RESULTS 


The data in Table 1 indicate that the steers selected as bloaters bloated 
after almost every feeding period except when penicillin was given. The first 
capsule of penicillin given to Steer 4 did not prevent bloat. It is possible that 
the capsule was not swallowed. Otherwise, the penicillin appeared to prevent 
bloat from three to seven feeding periods. 

The data show that steers selected as nonbloaters did bloat to some extent, 
but did not bloat at least for several days before and after sampling. Bloat 
was the apparent cause of death of Animal 34. 

Cursory direct microscopic observations on protozoa revealed no differences 
between animal groups. All animals contained large holotrichs and both small 
and large oligotrichs. Entodiniwm was by far the most numerous genus. 

Application of the Duncan Multiple Range Test to data shown in Table 3 


TABLE 3 


Bacterial culture counts and pH values of rumen content samples from bloating, nonbloating, 
and penicillin-treated steers pastured on Ladino clover 


Animal Cellulolytie Aerobie Anaerobic 
No. bacteria count count 


(millions (millions (Dillions 
per gram) per gram) per gram) 
Nonbloaters 
95 0.22 
49 13.00 
33. 14.00 
59 


Bloaters 
79 
130 
920 
Mean 376 


Penicillin-treated bloaters 


27 yi 2 
4 >180 

49 5.9 >1i80 
Mean >151 


did not reveal any significant differences in pH values, counts of cellulolytic 
bacteria or anaerobic counts of bacteria for the samples of rumen contents 
collected from nonbloating animals, bloating animals, or the latter animals 
treated with penicillin. The mean of the anaerobic counts from the bloaters 
was higher than those of the other groups and the difference approached sig- 
nificance at the 5% level. 


| 
33 5.8 
34 6.5 
50 6.0 
Mean 6.1 
14.0 
18.0 
18.0 
16.7 = 
3.0 
4.5 
1.6 
3.0 = 
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The mean of the aerobic counts was significantly lower (5% level) in the 
penicillin-treated animals. Observations on colony type and gram stains of 
representative colonies indicated that short-chain streptococci predominated 
(60-95% of colonies) in all plates of aerobic medium. Therefore, this effect of 
penicillin was mainly on streptococci. 

All counts of lactobacilli able to grow under aerobic conditions were less 
than 1,000 per gram. 

There were no significant differences in the occurrence of the bacterial 
groups isolated from the different animal groups (Table 4). 


TABLE 4 


Groups of bacteria isolated from three nonbloating and three bloating steers and the latter 
three steers treated with penicillin to prevent bloat 
(All animals on Ladino clover pasture) 


Per cent of strains 


Animal 
group Nonbloaters Bloaters Penicillin-treated 
Bacterial Sample Sample Sample 
group Mean range Mean range Mean range 
1 1.4 0- 2.1 0 0 0.6 O- 1.8 
2 0.7 0- 2.1 0 0 13 0- 2.1 
3 15.1 2.2-36.2 5.9 3.8-10.2 13.5 3.6-25.5 
4 8.2 0-14.9 7.2 2.0-10.2 (ei 3.8-12.8 
5 3.4 1.9- 6.4 2.6 0- 6.0 1.3 0- 3.8 
6 0 0 0.7 0- 2.0 0.6 O- 1.9 
29.5 10.6-42.2 27.0 12.2-34.0 25.8 16.4-35.8 
8 3.4 0- 5.6 13.2 6.0-24.5 15.5 7.5-29.1 
9 17.8 15.6-19.1 25.0 22.4-28.0 22.6 14.9-30.9 
10 11.0 0-27.8 4.6 2.0- 7.5 1.3 0- 4.3 
11 6.2 1.9-15.6 6.6 3.8-10.0 Var 4.3-12.7 
12° 3.4 0-— 6.4 7.2 5.7-10.2 2.6 0- 5.7 


Total strains 146 152 155 


* Miscellaneous ungrouped strains. 


Also, when attempts were made to correlate the number of strains having 
certain characteristics with bloaters and nonbloaters, with or without regard 
to presumptive species, no correlations were evident. Characters studied in- 
eluded the following: Gram reaction, motility, amount of HS produced, 
cellulose digestion, amount of gas produced, final pH in glucose medium, and 
visible slime in glucose medium. 


DISCUSSION 


As the so-called nonbloating steers actually did bloat to some extent, it is 
possible that, if more rigorous selection of nonbloaters had been possible, sig- 
nificant differences in the ruminal flora of the animals would have been evident. 
However, animals differ only in their relative susceptibility to bloat and most 
animals bloat at least occasionally. 

The fact that no significant quantitative or qualitative differences were 
seen in the ruminal microorganisms cultured from bloating and nonbloating 
cattle indicates that gross changes in the numbers or species of microorganisms 
are not a prerequisite to bloat. However, it may be that some significant com- 
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ponent of the flora was not grown in the culture media utilized, or that a 
significant component of the flora does not produce enough viable units to be 
found among the predominant colonies from which strains were isolated. 


It is also a possibility that strains within one or more of the bacterial 
groups identified differed in their metabolic characteristics in ways not de- 
tectable with the few characteristics studied, and that the presence or absence 
of this character would correlate with the animals’ ability to bloat. It is com- 
mon knowledge that there are wide strain variations within certain species of 
ruminal bacteria (2), and various factors in individual animals might cause 
the growth of strains within a bacterial species which differ in certain significant 
metabolic characteristics. It was shown that only two of 16 strains of Butyri- 
vibrio selected for further study fermented a composite saponin from alfalfa 
(Mr. Ivan Lindahl kindly supplied the saponin). If all strains isolated could 
have been studied for this character, perhaps a difference in the ability to 
ferment this compound would have been apparent in the bacteria from the 
bloaters and nonbloaters. 

The above discussion, together with the fact that no difference in the oceur- 
rence of bacterial species was evident, suggests that future attempts to correlate 
culturable ruminal bacterial groups with bloat should involve the use of culture 
media which selectively enumerate metabolic groups of bacteria, rather than 
the relatively nonselective culture methods, as used in the present study, which 
enumerated mainly taxonomic groups. For example, it would be of interest to 
compare numbers and species of saponin-fermenting, pectin-fermenting, pro- 
tein-hydrolyzing, and fat-catabolizing bacteria in the rumen of bloating and 
nonbloating cattle on the same ration. All of these materials have been sug- 
gested as being related to stable foam production in the rumen—see, for 
example, Gutierrez et al. (11), Conrad et al. (9), and Mangan (18). 

Since the difference in anaerobic bacterial counts between the bloaters and 
nonbloaters approached significance, it is possible that the higher count in the 
bloaters would have been significant if more samples had been studied. How- 
ever, the study was designed especially to look for qualitative differences in 
the flora, and the time available in Mississippi to the senior author was not 
sufficient for a longer study. The greater magnitude of the ruminal fermenta- 
tion in bloating than in nonbloating animals, with no qualitative difference 
in fermentation products reported by Hungate et al. (15), might have been 
due to factors resulting in the growth of larger numbers of bacteria in the 
rumen of bloaters. 

It was rather surprising that, although the one dose of penicillin prevented 
bloat in each of three animals, there was little apparent effect on the numbers 
or species of ruminal bacteria cultured. The numbers of facultatively anaerobic 
streptococci were significantly depressed. This agrees with results of Hartman 
et al. (18). However, the numbers of streptococci were quite low as compared 
to anaerobic bacteria (approximately a 500-fold difference), and it seems ex- 
tremely unlikely that they contributed to bloat under the present conditions. 
The mean of counts of total anaerobes in the penicillin-treated animals was 
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lower than in the same animals not treated with penicillin. However, this 
difference only approached the 5% level of significance. This may be the 
reason for the effect of penicillin treatment. 


These results with penicillin treatment suggest that the effectiveness of 
penicillin in controlling bloat could not be explained on the basis of large 
differences in numbers or species of rumen bacteria. This observation is con- 
sistent with the comparison of the flora and fauna of bloating and nonbloating 
steers, in which there were little or no differences. It may be that the metabo- 
lism of the flora was altered, as shown in the study of Mangan, Johns, and 
Bailey (19), but that a concurrent alteration in species present is not neces- 
sary. It is also possible that because of the large numbers of microbes present, 
the 24-hr. period between penicillin treatment and rumen sampling was not 
a long enough period to allow for death or diluting out of species inhibited 
by penicillin. 

The present results on penicillin seem to be in essential agreement with 
those of Horn, Snapp, and Gall (14), who found that penicillin up to 200 mg. 
per day had little effect on the anaerobic flora of yearling steers. However, 
these workers fed the antibiotic for 2 wk. before sampling, which would allow 
the ruminal flora time for adaptation to the antibiotic—see, for example, 
Mangan, Johns, and Bailey (19). Unpublished data of Bryant, Robinson, and 
Lindahl indicate that 75 and 150 mg. of procaine penicillin fed daily to two 
full-grown steers on a feedlot bloat-provoking ration had a drastic effect on 
the second day, in that total anaerobic counts and cellulolytic counts were 
strongly depressed and predominant species of bacteria were radically changed. 
After continued penicillin dosing of up to 200 mg. per day after the animal 
resumed eating, animals did not go off feed and the numbers and species of 
bacteria approached normal. This indicates that penicillin does have a drastic 
effect on the flora on first exposure if fed at a high enough level, but that the 
flora quickly adapts to the treatment. It is possible that a higher level of 
antibiotie is required to show a drastic effect on the flora of Ladino clover—fed 
animals than in animals on the feedlot bloat ration. 

In comparing the cultural data collected from these Ladino clover—fed 
animals with data from animals on other rations, it is evident that the present 
animals had a higher total anaerobic count than animals on the usual ration 
containing large quantities of dry roughage and/or silage (4, 5). However, 
young calves (6, 8) and mature animals receiving a high ratio of concentrate 
to hay (4) and mature animals on lush bluegrass pasture (unpublished data 
of Bryant) can also have total counts as high or higher than the present ani- 
mals. The results on total counts are in agreement with cultural results of 
Gall et al. (10) and direct microscopic counts of numerous workers (see, for 
example, 10, 20, 22), indicating that larger numbers of bacteria per unit 
volume or unit weight of ruminal contents are present when animals are on 
lush pasture than when fed dry roughage. 

The proportions of certain bacterial species cultured from the present ani- 
mals (Table 4) were somewhat different from those found in animals on a 
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wide variety of rations, previously studied in the senior author’s laboratory. 
The following points should be noted: (1) The proportion of cellulolytic bae- 
teria (ruminococei and Bacteroides succinogenes) was very low, even when 
compared with an all-concentrate ration (4). (2) The anaerobic homofer- 
mentative Lactobacillus sp. (Group 4) has been found only in animals on fresh- 
cut alfalfa (2) and in the present study. Perhaps their increased numbers 
are a response to the large amount of soluble carbohydrate one would expect 
in such rations. (3) The proportion of strains of the genus Butyrivibrio was 
quite high. (4) The proportions of the genus Lachnuspira were much higher 
than have been obtained under any other conditions. 

Under most dietary regimes studied, the most obvious and prevalent strains 
producing visible slime in glucose medium belong to the Bacteroides rwminicola 
group. In the Ladino clover—fed steers, strains of Butyrivibrio were more 
obvious in this respect. 

Whether any of these peculiarities of the flora contribute to bloat is pure 
speculation, since the nonbloating animals also had them. It does seem probable 
that a very active flora suggested by the high cultural count is of significance 
and it is possible that the high percentage of gas-producing strains, in par- 
ticular the genera Butyrivibrio and Lachnospira, is of significance. 
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A COMPARISON OF THE ALL-GLASS, SEMIPERMEABLE MEMBRANE, 
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SUMMARY 


A comparison was made of three different types of apparatus commonly used for 
in vitro rumen fermentation studies. The types compared were the all-glass, the semi- 
permeable membrane, and the continuous flow. Purified wood cellulose and several 
different types of hay were used as substrates, with cellulose digestion, total volatile 
fatty acid production, and ammonia nitrogen production (for the hay samples only) 
being used as criteria of microbial activity. No major differences were found between 
the different types of apparatus; however, the all-glass apparatus appears to be 
advantageous because of its simplicity. 


For in vitro rumen fermentations Marston (11) used a suspension of rumen 
microorganisms in mineral mixture in a large glass container, tightly fitted 
with a metal lid and a rubber gasket with inlets and outlets for gas, solutions, 
electrodes, and a stirrer. Bentley et al. (1) used a simplified all-glass apparatus 
for in vitro rumen fermentations, with a more elaborate mineral media to meet 
the requirements of cellulolytic microorganisms, somewhat similar to the methods 
reported previously by Gray et al. (6) and by Burroughs et al. (2). 

A different apparatus, utilizing a semipermeable membrane, has been de- 
vised by Louw et al. (10) in an attempt to simulate more closely the in vivo 
conditions. Modifications of the same method have been used by other workers 
(8, 15). Louw et al. (10) obtained better cellulose digestion with the semi- 
permeable type of apparatus when compared to an all-glass apparatus. 

Recent experiments carried out in this laboratory (14) indicated that the 
microorganisms responsible for the breakdown of cellulose in vitro in an all- 
glass type of in vitro rumen fermentation apparatus are authentic and repre- 
sentative of the rumen cellulolytic bacteria. 

Due to the variety of the types of apparatus employed for studying bio- 
chemical and microbiological activities of rumen microorganisms, and to the 
different degrees of complexity, it was thought that a comparison between the 
two major types, i.e., the all-glass and semipermeable, would be of interest for 
continued work in this field. Further, a third technique, utilizing a semi- 
permeable membrane suspended in a continuous flow of mineral mixture, was 
introduced in the comparison. 
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EXPERIMENTAL PROCEDURE 

Procedure and apparatus. Samples of rumen contents were drawn from 
a steer or sheep through a permanent rumen fistula, and strained through four 
layers of cheese cloth. Forty milliliters of the strained rumen liquor were used 
to inoculate the flasks or the semipermeable tubes which were previously filled 
with mineral-nutrient basal media, as previously described from this laboratory 
(1, 5), plus the substrate, and gassed continuously with COs. 

The semipermeable apparatus was similar to that of Warner (15). Two 
gram substrate plus 40 ml. rumen liquor were mixed inside the cellophane 
dialyzing tube and suspended in 80 ml. of the basal media. 

The continuous flow apparatus (Figure 1) is a modification of the above- 


Fig. 1. Continuous flow type of in vitro rumen fermentation apparatus. 
A. Siphon. 
B. Inlet for basal media. 
C. Basal media in outer jacket. 


mentioned semipermeable apparatus. Siphon (A) was adjusted so that after 
suspension of the semipermeable bag and bubbling through COs, 80 ml. of 
basal media were present in the outer jacket (C). A small funnel, inserted 
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through inlet (B), delivered the COs saturated mineral solution into the outer 
jacket (C), causing a continuous flow of this solution which was collected in 
an Erlenmeyer flask of suitable size. 

The mineral solution was stored in a large 2-3 liter separatory funnel and 
the flow was roughly regulated by passing through a 26-gauge hypodermic 
needle. The pH of the solution collected in the Erlenmeyer flask was about 
7.5, which was higher than the mineral media (6.9), due to standing and loss 
of COs. The mineral solution was made up in the same proportions as pre- 
viously described (1) except for urea and n-valeric acid which were added at 
half the reported concentration, i.e., 63 mg. and 15 mg. of urea and n-valeric 
acid, respectively, per 100 ml. of solution. Samples were collected after 3, 8, 
24, and 30 hr. The volumes of the collected samples were measured and ali- 
quots were used for volatile fatty acids and ammonia-N determinations. After 
30 hr. of fermentation the contents of the bags were quantitatively transferred 
into a bottle calibrated at 100 ml. and made to volume. 

Cellulose determination. Digestion of Purified Cellulose* was measured by 
the volumetric method of Hershberger et al. (7). The Crampton and Maynard 
method (4) was employed for determining cellulose digestion of hays. 

Total volatile fatty acids. Samples were deproteinized with 0.1 N HCl and 
steam distilled in a micro-Kjeldahl distillation apparatus (15), except for 
dialysates from the semipermeable systems, which were analyzed without prior 
deproteinization. 

Ammonia nitrogen. Ammonia nitrogen was determined by the micro-diffu- 
sion method of Conway and O’Mally (3). 

Direct microscopy. Microscopic examination of microorganisms from the 
different fermentation systems was undertaken at the end of each fermentation 
period. The slides were prepared by staining with the Gram-stain (Hucker 
modification ). 


RESULTS AND DISCUSSION 


Table 1 gives the results of preliminary experiments using purified cellu- 
lose (Solka Floc)) as a substrate in the three types of apparatus. Cellulose 
digestion, as well as total volatile fatty acid production, were used as criteria 
of bacterial activity. Although there were variations in cellulose digestion from 
one experiment to another, which were mostly due to daily variations in the 
inoculum fermentation power, it can be seen that the three types of apparatus 
gave similar cellulose digestion, as indicated by both criteria. 

Several varieties of hay, some at different stages of growth, were then chosen 
as substrates for a comparison of these three different types of apparatus. 
These results are presented in Table 2 and, as can be seen, there was little to 
prefer from one type of apparatus to another based on cellulose digestion, 
volatile fatty acids, or ammonia-N. The rates of volatile fatty acid production 
are compared (Figure 2) for fourth stage timothy hay, and the curves are 
typical of the other substrates. In the continuous flow apparatus the 3, 8, 


*Solka Floe BW-40, Brown Company, Berlin, New Hampshire. 
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TABLE 1 


Cellulose digestion and total volatile fatty acids (T.V.F.A.) produced in vitro from purified 
cellulose incubated with steer rumen fluid 


Apparatus 
Criteria Expt. No. All-glass Cont. flow Semipermeable 

Cellulose digested (g.) 1 0.831 1.179 0.631 
2 1.313 

3 1.386 0.858 1.153 

+ 0.817 ee 
X¥ 1.087 0.992 0.892 

T.V.F.A. (M.E.) 1 12.70 13.11 9.03 
2 15.21 13.87 10.13 

3 13.52 11.66 12.28 

+ 11.05 

X¥ 13.02 12.44 10.46 


TABLE 2 


Cellulose digestion, total volatile fatty acids, and ammonia-nitrogen produced by 30-hr. 
in vitro fermentations* 


Cellulose 
digestion T.V.F.A.‘ Ammonia-N 
Substrate” Apparatus (%) (M.E.)° (M.E.)° 
Mixed hay Ali-glass 48.0 + 1.2° ee fn 
Continuous flow 48.6 + 1.2 a 
Timothy hay All-glass 75.8 + 4.0 12.0 5.3 
First stage Continuous flow 73.7 + 2.8 12.7 11.1 
Semipermeable 76.6 + 0.3 12.1 4.0 
Timothy hay All-glass 37.4 + 0.4 11.0 5.2 
Fourth stage Continuous flow 36.9 + 0.4 10.3 12.8 
Semipermeable 38.8 + 0.6 9.8 4.3 
Alfalfa hay Ail-glass 48.0 + 1.5 11.2 5.5 
Second stage Continuous flow 51.6 + 1.2 Fi eS 14.5 
Semipermeable 51.2 + 0.3 10.4 5.2 


* All results are the average of duplicate experiments. 
>Two grams of each hay were added. Cellulose content of hay: Mixed hay, 25.0%; 1st 
stage timothy, 25.8%; 4th stage timothy, 29.7%; 2nd stage alfalfa, 25.1%. 
Standard deviation. 
“Total volatile fatty acids—T.V.F.A. 
Milliequivalents—M.E. 


and 24 hr. time samples represent only the volatile fatty acids in the collected 
fractions but not inside the bag, since no samples were obtained from the bags 
except at the end of the fermentation. The total volatile fatty acids reported 
in Tables 1 and 2 were obtained from inside and outside the bags at the end 
of 30 hr. of fermentation. Ammonia-N produced in the continuous flow appa- 
ratus was always higher than in the other systems. This is probably due to the 
higher over-all urea concentration to which the microorganisms were subjected 
(63 mg. urea per 100 ml. mineral solution). 

Since it was thought that the rate of flow may affect cellulose digestion in 
the continuous flow apparatus, two experiments were carried out using varying 
rates of flow, so that the volume of solution collected varied from 400 to 1,600 
ml. The results of these experiments suggested that the rates of flow, as indi- 
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cated by the volume collected, did not have any marked effect on cellulose 
digestion. 

It is obvious that more work is needed to exploit the usefulness of the 
continuous flow apparatus. Using this apparatus, the pH need not be examined 
and adjusted during the fermentation period. However, as the present experi- 
ments suggest, it appears to have no advantages over the all-glass apparatus 
for fermentation periods of up to 30 hr. It may be more useful for in vitro 
experiments carried out for longer periods, 48-96 hr., particularly in view of 
the findings of Warner (15), that changes in the microflora were less evident 
in four-day incubations if the mineral media were changed several times during 
that period. However, the cellophane membrane can not be used for periods 
longer than 30 hr., since it is weakened considerably around the rubber stopper 


TIMOTHY HAY 


n 

3 SEMIPERME ABLE 

= ? ‘=e CONT. FLOW 2 


24 6 8 0 12 14 16 18 20 22 24 26 28 30 
HOURS 


Fig. 2. Total volatile fatty acids produced in the three types of in vitro rumen fer- 
mentation apparatus. 


at the lower end, probably due to bacterial attack. The use of other membranes 
should be attempted. A strip of the rumen wall epithelium may be useful in 
specific biochemical studies, since it may be involved in some biochemical reac- 
tions, as shown by Pennington (12, 13). 


It should be borne in mind that with a continuously flowing mineral solu- 
tion some of the essential micro-nutrients, required by the microorganisms 
and not found in the basal media, may be washed away. As a result, retarda- 
tion of the fermentation may occur; however, this possible effect was not 
observed in the present experiments. 
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More efficient removal of end products that may be inhibitory to microbial 
activity is accomplished by this system, but the fact that it did not give better 
cellulose digestion than the all-glass apparatus suggests that end products 
such as volatile fatty acids are not inhibitory for cellulose digestion. This is 
in agreement with previous work from this laboratory (9), where a consid- 
erably higher concentration of volatile fatty acids did not inhibit the cellu- 
lolytie bacterial activity in vitro. 

On the other hand, the continuous flow apparatus is more complicated than 
the all-glass type. Since with in vitro rumen studies it is sometimes necessary 
to use several fermentation units at one time, the difficulty in using such a 
system can, therefore, be appreciated. 

Microscopie examination of the bacteria which had propagated in 30 hr. 
showed little difference among the three systems. Occasionally, however, more 
Gram-positive cells were observed in the semipermeable system. 
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A THEORETICAL RUMEN FERMENTATION BALANCE 


MEYER J. WOLIN 
Department of Dairy Science, University of Illinois, Urbana 


SUMMARY 


Certain assumptions are made which permit the caleulation of the amounts of 
CO. and CH, produced in the rumen which correspond to a given molar distribution of 
volatile fatty acids present in rumen fluid. This calculation allows the development 
of a theoretical fermentation balance for a given molar distribution of volatile fatty 
acids. For a molar distribution of 65 acetate : 20 propionate : 15 butyrate, the following 
balanee is caleulated : 

57.5 (C.H..0.) > 65 acetate + 20 »ropionate + 15 butyrate + 60 CO, 
+ 35 CH, + 25 H.O 

The assumptions upon which the caleulations are based are discussed, such as con- 
sidering volatile fatty acids, CO. and CH,, as sole fermentation products and using the 
empirical formula C,H,.0, to represent fermentation substrate. An attempt is made to 
evaluate the fermentation balance in terms of known experimental data which bear 
on product-substrate relationships. Values predicted from the theoretical equation are 
of the same order of magnitude as experimental values. 

Application of the balance is made to amplify the interpretation of experimental 
data concerned with variations in the molar distribution of fatty acids on various 
dietary regimes. It is proposed that the fermentation balance is useful for interpreting 
certain quantitative aspects of ruminant nutrition in terms of the quantitative aspects 
of the rumen microbial fermentation. 


Investigations of the microbiology of the rumen and ruminant physiology 
have provided a qualitative description of the activities of rumen microorgan- 
isms and the importance of these activities to the digestion of plant materials 
by the ruminant. The significance of such microbial activities as plant poly- 
saccharide digestion, volatile fatty acid production, protein digestion and syn- 
thesis, and vitamin synthesis is well recognized. Several review articles in this 
general area are available (3, 6, 15). In the course of preparing some of this 
material for teaching purposes, the author found it convenient to describe the 
rumen fermentation in terms of a theoretical fermentation balance. The fer- 
mentation balance permits the development of approximations of the quanti- 
tative aspects of the rumen fermentation. The theoretical fermentation balance 
will be the subject of this report. 


CALCULATIONS AND DISCUSSION 

It should be emphasized that the following analyses are made with idealized 
systems. Assumptions are made, and a degree of naiveté is introduced, for the 
sake of achieving coherent, simple descriptions. 

Calculation of the balance. For the calculation of the fermentation balance, 
the following assumptions are made: 

(a) The molar proportions of volatile fatty acids found in rumen fluid are 
65 acetic : 20 propionic : 15 butyric. These proportions represent the propor- 
tions in which these products are produced from fermented substrate. 

(b) The only fermentation products produced in addition to the above- 
mentioned fatty acids are carbon dioxide and methane. 
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(c) All fermentation products are formed from plant carbohydrates with 
the empirical formula CgHy20¢. 
Some justification for these assumptions will be presented after the calculation 
of the model fermentation balance. 

An equation for the rumen fermentation can, therefore, be written as: 
(1) X (CegHi20¢) 65 CH,;COoH + 20 CH3;CH2.COsH + 15 

+ Y + Z 

The amounts of COs and CH, which would have to be produced to satisfy this 
equation can be calculated using the standard techniques for calculating fer- 
mentation balances (14). The moles of compounds produced containing one 
carbon atom should be equal to the moles of compounds produced containing 
two carbon atoms. Butyric acid is assumed to arise from the condensation of 
two units containing two carbon atoms. Thus: 


Y CO. + Z CH, = 65 CH3COoH + (2 X 15 CH3(CHe2)eCOoH) 
or (2) Y + Z = 95. 

Other information exists which will allow the development of an independent 
equation for the relationship between CO. and CHy,. This information arises 
from the necessity for equivalence between the oxidation level of the fermenta- 
tion products and the oxidation level of the substrate. The oxidation states 
are arbitrarily calculated from the following: 

number of 
hydrogen 
oxidation state = number of oxygen atoms per molecule — atoms per molecule 


The oxidation state of the substrate (CgH120g¢) is, therefore, zero and the oxida- 
tion states of the preducts are acetate (0), propionate (—1), butyrate (—2), 
COs (+2), and CH, (—2). The oxidation level is found by multiplying the 
oxidation state by the moles of product or substrate. The sum of the oxidation 
levels of the products is equal to zero because the oxidation state of the substrate 
is zero. Therefore: 

(65 X 0) + (20 X —1) + (15 x —2) + (Y X +2) + (ZX -—2) =0 
or (3) Y — Z = 25. 

A simultaneous equation can thus be solved from Equations (2) and (3). 


Y+Z= 9% 


2Y = 120, Y = 60, Z = 35 
Equation (1) can now be written as: 
X (CegH120¢) — 65 acetate + 20 propionate + 15 butyrate + 60 COs + 35 CH, 
The number of CgH,20¢ units fermented can be calculated by summing the num- 
ber of carbon atoms in the products. Equation (1) can now be written as: 
(4) 57.5 (CeHi20¢) > 65 acetate + 20 propionate + 15 butyrate + 60 CO. + 
35 CH, + 25 H.O 
Discussion of assumptions. The use of the molar proportions of 65 acetie : 20 
propionic : 15 butyrie for the purposes of calculation is justified on the basis 
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that these values are not too far astray from many values reported in the 
literature for the volatile fatty acid composition of rumen fluid. The assumption 
that the rumen fluid values are indicative of the rates of production of the 
volatile fatty acids from substrate is supported by the experiments of Carroll 
and Hungate (4). These investigators followed the rates of production of the 
acids in rumen fluid immediately after removal of the fluid from the rumen 
and showed that individual acids were produced in approximately the same 
proportions as their initial concentrations. Volatile fatty acids, other than 
those used in these calculations, have been ignored, because they usually do 
not constitute more than 5% of the volatile fatty acids present. Other products 
of bacterial fermentations such as hydrogen, ethanol, lactate, succinate, formate, 
ete. have been ignored, because they usually do not accumulate in significant 
quantities or they have not been detected in the rumen under normal conditions. 
Many of these compounds, however, may be intermediates in the formation of 
the ultimate end products. 

The assumption that the fermentation products arise entirely from carbo- 
hydrate of empirical formula CgH2.0¢ is subject to several criticisms. Certainly, 
the most important plant carbohydrates digested in the rumen belong to 
this general class, e.g., cellulose and starch (waters of hydration and dehy- 
dration are ignored, since they do not affect the general picture). There are 
some polysaccharides which contain uronic acids, deoxy sugars, and amino 
sugars which would alter the caleulation of the fermentation balance if they 
contributed significantly to the fermentation. These carbohydrates, however, 
are usually only a small part of the ruminant’s diet. Nonearbohydrate mate- 
rials such as proteins and fats may be fermented in the rumen, but fats are 
not very important in ruminant diets and proteins must, for the most part, be 
conserved as ingested protein per se, or as microbial protein, in order for the 
ruminant to be able to survive. There may be certain situations in which the 
net! protein fermentation could be relatively large. It is known that large 
amounts of NH; accumulate in the rumen if the ruminant is fed protein without 
an adequate supply of carbohydrate (5). It is the author’s opinion that in 
most situations the net protein fermentation is small relative to the carbo- 
hydrate fermentation. This is supported by the fact that the ruminant nitrogen 
requirement is not greater than the nonruminant requirement (13). 

Xylans and other pentosans would probably be fermented by a mechanism 
involving cleavage into a two-carbon and a three-carbon compound. The two- 
earbon unit would not be accompanied by a one-carbon unit. Thus, the caleu- 
lations equating one-carbon units with two-carbon units would have to be 
corrected for the amount of two-carbon units arising from pentase cleavage. 
These corrections have not been applied to the fermentation balances calcu- 


*It is conceivable that gross protein fermentation always occurs and is considerable 
in magnitude. If this gross fermentation is balanced by resynthesis of microbial protein, 
the contribution to the over-all fermentation would be minor. Such a situation is comparable 
to ordinary turnover of protein, except that the rumen turnover involves the breakdown 
of ingested protein and the resynthesis of microbial protein. Net fermentation would occur 
when the rate of breakdown of protein exceeds the rates of resynthesis. 
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lated in this paper and it is assumed that all products arise from the cleavage 
of hexose units. 

Evaluation of the balance. One question which is immediately raised about 
the fermentation balance is whether it is a realistic assessment of the in vivo 
rumen fermentation. Unfortunately, there are not too many measurements 
available which will allow a critical evaluation. A few indirect tests can be 
made, however, which do supply a small degree of encouragement. 

One test which can be applied derives from measurements which have been 
made of the amount of methane produced in the rumen per amount of digestible 
carbohydrate fed. Several values have appeared in the literature for this rela- 
tionship and they are approximately in the same range. Kellner (9) reported 
an increase of 4.29 g. of methane for every 100 g. of digestible carbohydrate 
fed above the maintenance level. In similar types of experiments, Armsby and 
Fries (1) reported a figure of 4.8 and 4.7 g. of methane for every 100 g. of 
digested carbohydrates fed as roughages or a mixture of roughages and con- 
centrates, respectively. For 100 g. of digested carbohydrate in Sudan hay 
added to a maintenance ration of Sudan hay, 4.4 g. of methane were produced 
[Kleiber et al. (12)]. It can be calculated from the model equation that 6.0 g. 
of methane would be produced from 100 g. of pure cellulose digested (57.5 X 
162 = grams cellulose). Thus, the calculated value for methane production 
per 100 g. of carbohydrate digested is anywhere from 25 to 40% higher than 
the experimentally determined values. Possible explanations for the discrep- 
ancy between the theoretical and experimental values will be discussed after 
further comparisons of experimental results with calculated results. 

Another comparison can be made with a value of 3.12 meq. of volatile acid 
produced from 480 mg. of cellulose digested by rumen fiaid, reported by 
Carroll and Hungate (4). The theoretical equation predicts that the volatile 
acid produced from 430 mg. of cellulose should amount to 4.62 meq. The caleu- 
lated value for acid production is 48% higher than the experimental value. 

Another comparison with experimental values can be made on the basis 
of the rates of production of volatile fatty acids found by Carroll and Hungate 
(4) by in vitro measurements in rumen fluid of steers on different diets. These 
authors reported figures of 1.42 and 2.35 meq. of volatile acid produced per 
100 g. of rumen fluid per hour for hay and grain diets, respectively. By taking 
the ratio of methane produced to volatile fatty acids produced from the theo- 
retical equation, and extrapolating to a 24-hr. period and 70 kg. of rumen 
contents, a theoretical yield of methane can be estimated. The calculated values 
are 187 liters of methane for the hay diet and 312 liters for the grain diet. 
Kleiber et al. (12) experimentally measured a daily rate of methane produc- 
tion of 180 liters per day for dry cows on maintenance rations and 280 liters 
per day for lactating cows on production diets. 

It should also be noted that the molar percentage composition of rumen 
gas from cows on alfalfa pasture has been reported as 67% COs; 26% CHg,; 
7% Ne + He; 0.1% HeS, and less than 1% Oz by Kleiber et al. (11). Similar 
results had been obtained earlier by Tappeiner (16). If we use the figure of 
93% from the data above, for the total contribution of COs and CH, to the 
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rumen gas, the percentages of COs and CH, predicted from Equation (4) 
would be 59 and 34%, respectively. Kleiber (10) has pointed out that saliva 
ean contribute to the total rumen COs only when the rumen pH drops below 
6.9. Below pH 6.9, the tendency would be to raise the proportion of COz in the 
rumen gas as a result of the acidification of the bicarbonate in solution by acid 
fermentation end products. 

The results of the comparisons between the experimental and theoretical 
values indicate that the predictions of the theoretical equation are at least of 
the same order of magnitude as experimental values. The experiments with 
which the comparisons are made were obviously not designed to check the fer- 
mentation balance, and certain critical information remains unknown for each 
particular experiment. It is interesting to note that in the two cases where 
the comparison is made on a product-to-substrate ratio comparison, i.e., CH, 
carbohydrate or volatile fatty acid : carbohydrate, the amounts of product 
predicted from the theoretical equation tend to be higher than those amounts 
actually found. It is not very useful to comment on the comparison of theo- 
retical and experimental total methane production per day, because the theo- 
retical estimation involves assumptions concerning rates of production and 
volumes of rumen ingesta which are difficult to evaluate. 

Applications of the balance. A useful feature of any theory is that it pro- 
vides a base for the discussion of the various parameters which the theory 
embodies, whether the theory be correct or incorrect. We might consider, for 
example, some possible reasons for the discrepancies between the theoretical 
and experimental values found in the product-substrate ratio comparisons. 
One possible explanation is that the products considered, i.e., acetate, propi- 
onate, butyrate, CH,y, and COs, do not represent all of the products formed 
from ingested carbohydrate. Thus, more carbohydrate should be digested per 
unit of the above end products formed. Such a situation would arise if a large 
amount of ingested carbohydrate is incorporated into microbial carbohydrate. 
Another possibility is the formation of a product which diffuses rapidly through 
the rumen wall, so that it is not normally found in the rumen, e.g., lactate, 
ethanol, succinate, and formate. It should be pointed out that, except for lae- 
tate, such products would disturb the caleulated COs and CH, values, because 
they would affect the predicted amounts of one-carbon compounds and the pre- 
dicted oxidation-reduction balance of the products. Lactate would have no 
effect, because its oxidation state is zero and it is a three-carbon compound. 

Calculation of a theoretical equation is useful in its emphasis of the inter- 
relationships of end products. It is of interest to note the consequences of a 
change in the proportion of volatile fatty acids. An increase in the proportions 
of propionic and butyric acids and a decrease in acetic acid would tend to 
decrease the methane yield. Calculations of fermentation balances from the 
data of Elliot and Loosli (7), concerning the molar proportions of volatile 
fatty acids on different dietary regimes, show a decrease of approximately 9% 
in the methane produced per mole of carbohydrate digested when the cows 
were fed 20% of their estimated net energy (ENE) as roughage, as compared 
to 60%. The caleulated values for CH, and COs are shown with the experi- 
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mental values in Table 1, along with the calculated amount of carbohydrate 
fermented to these products (caleulated as starch). Valerate is assumed to be 
synthesized by a condensation of a two-carbon unit with a three-carbon unit. 
Calculations of the heats of combustion of the fatty acid products and the sub- 
strate fermented (the heat of combustion of starch was used for the caleula- 
tions) show little difference in the therms of total volatile fatty acids produced 
per therm of digested carbohydrate for the 20 and 60% ENE as roughage diets. 
It is interesting to note that the fermentation balance indicates no difference 
in the available therms of propionic acid per therm of substrate fermented on 
the two diets, whereas the available therms of butyrate per therm of substrate 
increases on the low roughage diet. The order of magnitude of the increase, 
however, can not explain the increased efficiency of the low roughage diet. 


TABLE 1 
Fermentation end products from data of Elliot and Loosli (7) 
Moles per 100 moles VFA 


Starch 
fer- Ace- Propi- Butyr- Valer- 
Diet mented tate onate ate ate CH, CO. 
High roughage 57.3 66.6 18.7 11.8 2.9 33.9 59.5 
Low roughage 59.1 60.5 21.4 15.4 2.7 31.9 62.1 


Another point of interest from the above work is that the net efficiency of 
the fermentation calculated from the balance and represented as therms of 
available fatty acids to therms of carbohydrate fermented is 0.71 and 0.72 for 
the high and low roughage diets, respectively. Using the heat of combustion 
figure of 0.340 therm per pound of fat-corrected milk (2), the efficiencies of 
the conversion of digestible energy to milk energy, in terms of therms of milk 
produced per therm of digestible energy consumed over and above maintenance 
requirements, are 0.53 and 0.66 for the high and low roughage diets, respec- 
tively.2 If it is assumed that the fatty acids derived from the digestible energy 
are the source of energy for milk production, the efficiency of milk formation 
can be caleulated in terms of the therms of fatty acids produced from the di- 
gestible energy utilized. The therms of fatty acids produced per therm of di- 
gestible energy consumed can be approximated from the fermentation balances 
by the previously mentioned values of 0.71 and 0.72 therms of available fatty 
acid per therm of carbohydrate fermented for the high and low roughage diets, 
respectively. The efficiency of the conversion of the available fatty acid energy 
to milk energy would then be 75% for the high roughage diet and 92% for the 
low roughage diet. In other words, approximately 17% more of the energy 
available as fatty acids is used for milk production when the low roughage 
ration is supplied instead of the high roughage ration. 

In contrast to the fermentation balances based on the work of Elliot and 
Loosli, fermentation balances based on the work of Eusebio et al. (8) suggest 
that significantly different energy yields could be obtained on high corn or 


? Estimated from Figure 2 of Elliot and Loosli (7). 
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flaked corn diets in contrast to hay-corn rations. These workers measured the 
volatile fatty acid concentration of rumen fluid on various dietary regimes. If 
one calculates fermentation balances from the volatile fatty acid concentration® 
for the alfalfa hay-corn meal diet (12.9 lb. U. S. No. 2 alfalfa hay and 5.7 lb. 
corn meal fed daily) and for the corn meal diet (11.8 lb. corn meal fed daily), 
the energy yield in therms of fatty acids produced from a therm of substrate 
is about 13% greater for the corn meal diet than for the hay—corn meal diet. 
The calculated values for CH4, COs, and starch are shown with the experi- 
mental values for volatile fatty acids in Table 2. For the alfalfa hay—corn meal 


TABLE 2 
Fermentation end products from data of Eusebio et al. (8) 
Moles per 100 moles VFA 


Starch 


fer- Ace- Propi- Butyr- Valer- 
Diet mented tate onate ate ate CHa COs 
Corn meal 54.5 38 43 11 3 13 50 
Alfalfa hay-corn meal 57 56 24 14 3 28 59 


ration the fatty acids represent 0.75 therm per therm of carbohydrate, whereas 
0.85 therm is contained in the fatty acids produced on the corn meal ration. 
These calculations serve to emphasize the quantitative relationships between 
end products and substrate and between end products themselves. The exact 
numerical values of these relationships are not known, and the calculations are 
presented as models which may be useful for teaching purposes. Further re- 
search in the area of ruminant microbiology and physiology may provide a 
more accurate picture of the rumen fermentation in quantitative terms. Studies 
of product-substrates relationships and the rates of production of products 
from substrates may allow a quantitative description of the nutrition of the 
ruminant in terms of the quantitative aspects of the microbial fermentation. 
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SOME EFFECTS OF A SUPPLEMENTARY CELLULASE PREPARATION 
ON FEED UTILIZATION BY RUMINANTS! 


J. M. LEATHERWOOD, R. D. MOCHRIE, anp W. E. THOMAS 


Dairy Husbandry Section, Department of Animal Industry, 
North Carolina Agricultural Experiment Station, Raleigh 


SUMMARY 


Enzyme 19AP, a fungal cellulase, added to rumen fluid greatly enhanced cellulolytie 
activity as measured by change in viscosity of sodium carboxymethyleellulose solution. 

Thirty dairy calves were used to test the effect of the enzyme on feed utilization in a 
growth trial. Enzyme 19AP exhibited no effect on feed utilization as measured by average 
daily gain of calves fed at the same rate. 

In a digestion trial, eight sheep were given basal diets or autoclaved basal diets with 
and without 500 mg. of Enzyme 19AP twice daily in two 4 x 4 Latin-square designs. 
Enzyme 19AP exhibited no effect on apparent digestibility of ration constituents. 
Destruction of the cellulolytie activity associated with the feed by autoclaving had no 
effect on the apparent digestibility of cellulose. However, dry matter and protein digesti- 
bilities were significantly lowered in the autoclaved diets. 


Enzymes produced by the digestive tract of ruminants are unable to digest 
cellulose. However, large amounts of cellulose in the feeds utilized by ruminants 
are broken down by the enzymatic action of the rumen microflora. This di- 
gestive process not only degrades the fibrous material, but also releases the 


nutrients contained inside the cells so they can be more easily attacked by the 
animal’s digestive juices. 

The dependence of ruminants on symbiotic bacteria for roughage utilization 
suggests that addition of a supplementary cellulase to the rumen might be bene- 
ficial either by increasing the rate or the completeness of cellulose degradation. 

According to Siu (9), commercial enzyme preparations, presumably cellu- 
lolytic, have been sold as digestive aids. Siu also cites the report by Rosenkilde 
and Bogger, that the digestibility of cellulose by sows was increased from 50 
to 90% by inoculating the feed with cellulolytic bacteria. 

Enzyme 19AP? was claimed to be highly active on carboxymethyleellulose 
(CMC) solution, as measured by change in viscosity and the amount of reducing 
sugars produced when CMC is hydrolyzed. However, many noneellulolytic 
organisms can hydrolyze soluble cellulose derivatives (9). Possible improve- 
ment in feed utilization from supplementing normal ruminant diets with such 
an enzyme needed investigation. Results of providing Enzyme 19AP on growth 
of young dairy calves and on digestibility of rations by sheep are reported 
herein. Since water washings of hays were found to have cellulolytie activity 
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(5), the effects of this enzyme source on digestibility were tested by feeding 
rations in which the cellulolytic activicy of the feed was destroyed by autoclaving. 


EXPERIMENTAL PROCEDURE 


The ability of Enzyme 19AP to supplement the cellulolytie activity of 
rumen fluid following in vitro and in vivo addition was tested by enzymatic 
assay. Possible in vivo effects were further evaluated in a growth trial with 
dairy calves and in a digestion trial with sheep. 

Enzymatic assay. Enzyme 19AP was added to rumen fluid to determine the 
ability to supplement the cellulolytic activity of rumen fluid as measured by 
a change in viscosity of CMC. Rumen fluid, collected from fistulated cows, 
was filtered through four layers of cheese cloth and centrifuged at 1,000 r.p.m. 
for 2 min. to remove the large feed particles. Two grams of Enzyme 19AP 
were mixed with 100 ml. of rumen fluid in a Waring blender, and dilutions 
were made with rumen fluid to give 2, 1, 0.1, 0.01, and 0.001% concentrations 
(w/v) of Enzyme 19AP. Rumen fluid without Enzyme 19AP was used as a 
control. This experiment was replicated with rumen fluid obtained on three 
different days. 

Samples of rumen fluid from calves on the growth trial and from the sheep 
on the digestion trial were assayed while the trials were in progress. 

The procedure of Bell ef al. (2), as adapted by Cason and Thomas (4), 
was used to measure the cellulolytie activity of rumen fluid. Five milliliters 
of a 1.2% solution of sodium-carboxymethyleellulose 70M in a citrate buffer 
(pH 4.9-5.0) was placed in an Ostwald-Fenske viscosity pipette suspended in 
a water bath at 37° C. One milliliter of the rumen fluid to be assayed for cellu- 
lolytic activity was added to the CMC solution and mixed thoroughly by drawing 
air through the mixture with vacuum applied to the large opening of the vis- 
cosity pipette. The initial flow time was determined immediately and subsequent 
determinations were made until there was a 50% decrease in specific flow time. 
The number of minutes required for this decrease was used to compare the 
cellulolytie activity of the different ramen fluids. 

Growth trial. Thirty dairy calves in two age groups were assigned to trios 
on the basis of breed, weight, and age. Tle younger group consisted of five 
trios of male Holstein calves approximately 8 wk. of age. The older group con- 
sisted of two trios of Holstein heifers and one each of Guernsey, Jersey, and 
Ayrshire heifers. These older calves ranged from 11 to 32 wk. of age. Initial 
weights for all groups are given in Table 1. The grain mixture averaged 13.6% 
crude protein and was limited to 2.4 lb. per day for the younger calves and 
3.0 lb. per day for the older calves. The younger calves were fed U.S. No. 2 
alfalfa light grass mixed hay and the older calves were fed a U.S. No. 2 orchard 
grass hay. Each hay was fed chopped and the amounts allowed were constant 
within each trio. Both hay and grain were fed twice daily. 

One calf in each trio served as a control and was fed as outlined above. 
One gram of Enzyme 19AP was administered twice daily to each of the two 
other calves in the trio. One received the enzyme via gelatin capsule and the 
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other had it mixed into the grain to allow a more even distribution in the rumen. 
A 2-wk. standardizing period preceded the 8-wk. comparison period in which 
the enzyme was administered. 

One weight for younger calves and an average of three consecutive daily 
weights for older calves, taken at the end of the standardizing and comparison 
periods, were used to calculate an average daily gain for each calf. 

The cellulolytie activity of the rumen fluid of these calves was determined 
by the procedure previously described. Samples of rumen fluid were obtained 
by stomach tube from each calf in the 2nd wk. of the standardizing period, 
in the 4th wk. of the comparison period for older calves, and in the 8th wk. 
for the younger group. 

Digestion trial. Two squares of a 4 X 4 Latin-square trial (6) were used. 
Four similar polled Dorset rams, averaging 71 lb., were randomly assigned to 
Square I. Four crossbred wethers, averaging 76 lb., were randomly assigned 
to Square II. Each 2-wk. period in the design consisted of 1 wk. for standardi- 
zation and 1 wk. for collection of feces. The rations were basal, basal plus 
Enzyme 19AP, autoclaved basal, and autoclaved basal plus Enzyme 19AP. 
Enzyme 19AP (500 mg. twice daily) was administered in gelatin capsules prior 
to each feeding. 

The basal diet was alfalfa hay for Square I and orchard grass hay supple- 
mented with 1 lb. of soybean meal to 4 lb. of hay for Square If. Four per cent 
erude cottonseed oil was added to the orchard grass hay diet to partially elimi- 
nate the dust. The hays for the autoclaved diets were autoclaved at 15 p.s.i. 
for 20 min. to destroy the enzymatic activity associated with the feed. Each 
sheep received 1.0 lb. of feed twice daily, except that one Dorset ram assigned 
to Square I received 0.7 lb. twice daily in each period. 

The sheep were weighed at the start of the trial and at the end of each 
period. Samples of rumen fluid were taken by stomach tube on the last day 
of each period and their cellulolytie activity, together with those of the hays, 
was measured as previously outlined. 

Feed, weigh-backs, and fecal samples were analyzed for proximate constitu- 
ents by the A.O.A.C. methods (1), and nitrogen-free extract (N.F.E.) was 
ealeulated. Cellulose was determined by the method of Matrone (7). 


RESULTS AND DISCUSSION 


Enzymatic assay. Rumen fluid alone required an average of 75.0 min. to 
decrease the specific flow time of CMC 50% ; whereas, rumen fluid with 0.001, 
0.01, 0.1, 1.0, and 2.0% Enzyme 19AP required an average of 68.7, 36.0, 13.7, 
2.7, and 3.3 min. (+ 4.39) to deerease the specific flow time. Expressing the 
activity as the number of minutes necessary for a 50% decrease results in a 
smaller number of minutes, representing a greater activity. 

This highly significant (P < 0.01) increase in cellulolytie activity resulting 
from the addition of enzyme was of smaller magnitude at the higher enzyme 
concentrations. The marked effect of Enzyme 19AP on the cellulolytie activity, 
as measured herein, confirms the claims of the manufacturer. 
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Growth trial. The results are given in Table 1. No appreciable differences 
existed among the treatment groups in feed consumed. The administration of 
cellulase enzyme was without effect on feed utilization, as measured by rate 
of gain of dairy calves. 


TABLE 1 
Mean initial weight, daily feed consumption, and weight gains for calves in the growth trial 
Enzyme 19AP 
Age Via In 
Criterion group Control capsule grain 


Standardizing period 


Initial weight Younger 136 153 165 
Older 257 261 276 
Comparison period 

Feed consumption Younger 2.2 2.2 2.2 
Concentrate Older 3.0 3.0 3.0 
Hay Younger 3.3 3.5 3.9 
Older 3.6 3.6 3.6 

Weight gain Younger 1.37 1.28 1.34 

Older 0.74 0.69 0.74 

All calves 1.06 0.98 1.04 


The younger calves gained 1.33 lb. per day, which was significantly greater 
than the 0.72 lb. gained by the older group. The poorer quality of hay, the 
limited amount of grain, and the higher maintenance requirements f the older 
calves probably contributed to this lesser gain by the older group. There was 
no suggestion of a different effect of the enzyme in the two ag , ~~ ps. 

Although Enzyme 19AP added to fresh rumen fluid in the tanoratory in- 
creased the activity markedly, feeding the enzyme to calves had no measurable 
effect on the cellulolytic activity of their rumen fluid. Increased activity was 
expected, a priori, because the amount of enzyme fed based on caleulated dilu- 
tion in the rumen was adequate to effect a substantial response. Factors respon- 
sible for the difference in the ability of Enzyme 19AP to increase cellulolytic 
activity in vitro and in vivo were not determined. 

Digestion trial. The apparent digestibility values are reported in Table 2. 
Because no square-by-treatment interaction was observed, the ration means 
given are averaged over both squares (basal diets). The digestion coefficients 


TABLE 2 
Mean apparent digestibility of ration constituents 


Ration 


Autoclaved 


Basal 


Standard 
No No error of 
Constituent enzyme Enzyme enzyme Enzyme a mean 


Dry matter 65.31 2.2 0.80 
Cellulose 66.56 66.49 67.75 65.88 0.92 
Crude fiber 59.29 59.52 58.97 56.61 1.43 
N.F.E. 67.26 66.64 67.62 65.57 0.88 


Crule protein 75.47 74.74 67.68 66.82 0.93 
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for cellulose, crude fiber, and NFE, and the total grams of cellulose and crude 
fiber digested, were not statistically different for the four treatments. Although 
Enzyme 19AP ean hydrolyze altered cellulose in vitro (10), it did not increase 
apparent digestibility as measured in this trial. 

Autoclaving the hays essentially eliminated the cellulolytic activity asso- 
ciated with them, but this treatment had no measurable effect on the apparent 
digestibility of the cellulose. This finding is in agreement with the report by 
Bentley and Moxon (3), that the activity in forage did not contribute materially 
to the total cellulolytie activity in artificial rumen flasks. 

Autoclaving did significantly lower the digestibility of both dry matter 
(2.00% ) and crude protein (7.86%). This protein effect with ruminants 
appears to be similar to that observed previously for heat-treated protein fed 
to rats (8). The average crude protein contents of the diets were not affected 
by autoclaving. 

The average weight gains per 14-day period of 0.9, 2.0, 2.1, and 0.4 lb. for 
the basal, basal plus enzyme, autoclaved basal, and autoclaved basal plus 
enzyme, respectively, were not significantly different. 

There was no significant difference among the cellulolytic activity of the 
rumen fluids in the enzymatic assay. As in the growth trial, other factors pre- 
sumably affected the activity more than did added enzyme or the activity of 
the feed. 
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CORRECTION FOR HEMOLYSIS IN A PHOTOMETRIC METHOD FOR 
ASSAYING SULFOBROMOPHTHALEIN IN THE 
BLOOD OF CATTLE IN TESTS FOR 
HEPATIC FUNCTION ! 


R. R. ANDERSON J. P. MIXNER 
Department of Dairy Science, New Jersey Agricultural Experiment Station, Sussex 


SUMMARY 


Varying degrees of hemolysis of blood have interfered with photometric measurements 
of the dye sulfobromophthalein (Bromsulphalein or BSP) in studies of hepatic function. 
In the usual procedures plasma blanks are measured in acidic media, since dye colors are 
developed in basic media. However, the optical density (O.D.) of hemoglobin (as hema- 
tin), when measured in an acidic medium, differs from that obtained in a basic medium. 
Similarly, varying degrees of hemolysis as between plasma blank (no dye) and plasma 
dye tubes do not allow proper blank correction when either acidic or basic plasma blanks 
are used. 

In developing the improved method, plasma blank O.D. of a series of blood samples 
containing no dye, but with varying degrees of induced hemolysis, were measured both 
in acidic and in basic media. Regression equations were derived to predict the basic 
plasma blank O.D. from acidie plasma blank O.D. When such predicted basic plasma 
blank O.D. readings were applied to plasma samples containing known amounts of dye 
but varying amounts of hematin, accurate estimates of dye contents were obtained. Also, 
when the improved photometric method was used in performing actual hepatic function 
tests in calves and cows, marked improvement resulted in the precision or repeatability 
of the measures as compared to the usual procedures. 

It is suggested that this new procedure for photometric analysis be used only in those 
instances where hemolyzed plasma samples are present in the series of samples to be 
analyzed. 


Photometric procedures described for the assay of sulfobromophthalein (BSP 
or Bromsulphalein*) in blood serum or plasma (1, 2, 4, 5, 6) have been found 
to be inaccurate when applied to blood samples exhibiting varying degrees of 
hemolysis. If a split plasma sample containing hemoglobin is used to prepare 
an acidic plasma blank for a basic dye tube, the hematin thus formed will have 
a different optical density in the acidic and basic tubes and will cause an in- 
accurate dye optical density value. Similarly, if a basic plasma sample con- 
taining no dye is used as a blank for a basic dye-containing plasma sample, 
differing degrees of hemolysis in the two plasma fractions will also lead to 
inaccurate dye optical density values. 

The idea for the improved method reported here originated from the alkali 
hematin method of Wu (3), in which hemoglobin is first treated with acid to 
form acid hematin and is then treated with alkali to form alkali hematin. Basi- 
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cally, the modification involved the development of a regression equation whereby 
basic plasma blank optical density values were predicted from the corresponding 
acidic plasma blank optical density values. The optical densities of a given dye- 
containing plasma sample were determined serially in acidic and the basic 
media. The predicted basic plasma blank optical density was used as a plasma 
blank. 


METHODS AND PROCEDURES 


Photometric procedure. The photometric procedure for the assay of sulfo- 
bromophthalein sodium in plasma was modified slightly from that reported by 
Mixner and Robertson (6). Using round colorimeter tubes (11 mm. i.d.), to 
1.0 ml. of plasma were added 3.0 ml. of water and 1.0 ml. of 0.5 N HCl. This 
was allowed to stand for 10 min. to develop the acid hematin (if present). The 
optical density (O.D.) of the tube was then read in a spectrophotometer at 580 
my. Immediately after this reading, 0.5 ml. of 2.5 N NaOH was added to the 
tube and mixed by swirling. The O.D. of the tube was read a second time at 
580 mu. 

Development of regression equation. To determine the relationship of the 
O.D. of hemolyzed plasma in acidic and basic media, large blood samples were 
obtained from four cows. Each blood sample was divided in half. One fraction 
was centrifuged to produce clear (nonhemolyzed plasma) ; the second fraction 
was treated with a small amount of ether prior to centrifugation to induce 
hemolysis roughly equivalent to that found in a severely hemolyzed blood 
sample normally collected. The clear and hemolyzed plasmas were mixed in 
varying ratios to produce a series of seven plasma subsamples with increasing 
amounts of hemolysis (total of 28 plasma subsamples). 

Each of the plasma subsamples was subjected to the photometric procedure 
previously referred to, to obtain an acidic plasma blank O.D. and a basic plasma 
blank O.D. for each plasma subsample. 

Regressions of the base O.D. readings on the acid O.D. readings were caleu- 
lated on a within-plasma sample basis. 

Test of the accuracy of the new photometric method. Blood samples were 
collected from four cows and each divided and treated as above so as to produce 
both clear and hemolyzed plasmas. To the four possible combinations of clear 
and hemolyzed plasmas was added either 0.03 or 0.015 mg. of sulfobromo- 
phthalein to simulate those levels of dye generally encountered in the 5- and 
10-min. plasma samples in an actual test of hepatic function as follows: 

A, Tube 1—no hemolysis, 0.03 mg. BSP ; Tube 2—no hemolysis, 0.015 mg. BSP. 
B, Tube 1—no hemolysis, 0.03 mg. BSP; Tube 2—hemolysis, 0.015 mg. BSP. 
C, Tube 1—hemolysis, 0.03 mg. BSP; Tube 2—no hemolysis, 0.015 mg. BSP. 
D, Tube 1—hemolysis, 0.03 mg. BSP; Tube 2—herolysis, 0.015 mg. BSP. 

Upon running these pairs of tubes through the new photometric procedure 
(each tube as own blank), BSP fractional clearance values (regression coeffi- 
cients) were calculated. 

A similar series of tubes was run using the original method of plasma blank 
correction (5). 
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All BSP fractional clearance values obtained by the two methods of blank 
correction were compared with a calculated theoretical BSP fractional clearance 
value or regression coefficient. 

Repeatability and precision of BSP clearance measures. BSP liver function 
tests were run in four bull calves and four lactating cows, to measure certain 
aspects of the repeatability and precision of the new photometric procedure as 
compared to the old procedure. The tests were performed on two successive 
days. On each day four samples of blood were taken per test, two in succession 
at the 5-min. period and two again at the 10-min. period. The first samples 
taken at each time interval were considered as a pair for calculation of BSP 
fractional clearance. Each blood sample was divided in the laboratory and 
separate plasmas were obtained from each, allowing the calculation of sub-BSP 
fractional clearance values. 

Before the development of the improved photometric method, data were 
being accumulated for normal standards, repeatability, and precision of BSP 
clearance measures, using the older photometric method. Tests were performed 
on two successive days on a total of ten bull calves and 11 cows. These data are 
compared with those obtained by use of the improved photometric method. 


RESULTS 


Development of regression equation. The four plasma samples (each with 
a series of seven subsamples having varying degrees of hemolysis) were subjected 
to the photometric procedure described, to obtain corresponding acidic and 
basie plasma blanks O.D. readings. An analysis of covariance indicated that 
there were no significant differences among the regression coefficients of basic 
plasma blank O.D. on acidic plasma blank O.D. for four plasma samples. Accord- 
ingly, a regression equation on the pooled data on a within-plasma sample basis 
was calculated by the method of least squares as being the most suitable equation. 

The regression equation developed was Y = 1.872 X -0.0333, in which Y 
equaled the O.D. of basic plasma blank and X equaled the O.D. of the acidic 
plasma blank. The coefficient of correlation between the variables was +0.999. 
Thus, in the following example, the acidic plasma blank O.D. of 0.03 mg. of 
BSP was 0.118. Substituting in the regression equation, the corresponding 
predicted basic plasma blank O.D. was 0.187. After adding excess base to de- 
velop dye color, the O0.D. for the sample was 0.796 and by subtracting the pre- 
dicted basic plasma O.D. from this, an adjusted dye O.D. value of 0.609 was 


obtained. 
Plasma blank O.D. BSP plasma O.D. 


BSP (mg.) Acidic Basie Excess base Adjusted 
0.03 0.118 0.187 0.796 0.609 


Test of the accuracy of the new photometric method. The simulated BSP 
fractional clearance values as caleulated in the various combinations of clear 
and hemolyzed subplasmas of the four plasma samples are shown in Table 1. 
The marked improvement in the accuracy of the simulated BSP fractional 
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TABLE 1 


Comparison of accuracy of original and improved photometric methods as used to determine 
simulated BSP fractional clearance values (four plasma samples) 


Simulated BSP fractional clearance values 


Plasma tube hemolysis combinations 
method A B y D 


Original 


BSP fractional clearance 
Theoretical mean 0.1387 0.1387 0.1387 0.1387 
Observed mean 0.1419 0.0404 6.1934 0.0971 

Deviations from theoretical” 0.0050 0.1117 0.0623 0.0473 

Deviations from theoretical 
as per cent of theoretical® 3.60 80.53 44.92 34.10 


Improved BSP fractional clearance 
Theoretical mean 0.13887 0.1387 0.1387 0.1387 
Observed mean 0.1351 0.1366 0.1376 0.1364 
Deviations fro: theoretical” 0.0077 0.0075 0.0098 0.0082 
Deviations from theoretical 
as per cent of theoretical® 5.55 5.41 7.07 5.91 
“A lst plasma tube clear; 2nd plasma tube clear. 
B lst plasma tube clear; 2nd plasma tube hemolyzed. 
C 1st plasma tube hemolyzed; 2nd plasma tube clear. 
D 1st plasma tube hemolyzed; 2nd plasma tube hemolyzed. 
» Caleulated as = (X.—X:)* where Xo and Xe equaled the observed and theoretical 
mean BSP fractional clearance values, respectively. This is equivalent to a standard error 
of a single determination. 


* This is equivalent to a coefficient of variation of a single determination. 


clearance values by the use of the improved photometric procedure was readily 
apparent. An analysis of variance indicated that the difference between photo- 
metric methods was highly significant. Differences among the plasma hemolysis 
combinations were significant only for the old photometric procedure. 

Repeatability and precision of BSP clearance measures. Marked differences 
were found between calves and cows with respect to the various BSP clearance 
measures and, hence, the data were analyzed separately. Table 2 presents the 
estimated variances and the variance percentages for the several sources of 
variation of the BSP clearance measures. The animal variance percentages are 
the repeatability estimates for the BSP clearance measures. In general, the 
repeatability estimates of the BSP clearance measures are higher in the cows 
than in the calves. However, the repeatability of BSP volume clearance as 
milliliters of plasma cleared of BSP per minute per kilogram of body weight 
was satisfactorily high in both calves (89.8%) and cows (98.5%). 

The precision of making BSP clearance measures in calves and cows is 
perhaps best shown by use of standard errors and the coefficient of variations 
of single determinations. These are shown in Table 3, in which the measures 
are based on the square roots of the sum of the variances for days in animal, 
samples in days in animal, and duplicates in samples in days in animals as 
taken from Table 2. In all instances, the standard errors and coefficients of 
variation of single determinations were correspondingly lower with the im- 
proved than with the original photometric method. 
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TABLE 3 


Estimates of precision of BSP clearance measures as determined by two photometric methods 
for plasma blank correction 


Photometric method 


Improved 


Original 


Calves Cows 


Item 


Number of animals 10 11 + + 
Mean BSP fractional clearance 0.1348 0.1812 0.1678 0.1897 
S.E. of a single determination 0.0283 0.0285 0.0199 0.0120 
C.V. of a single determination (%) 20.99 15.71 11.89 6.33 
Mean plasma volume (% B.W.) 8.666 5.107 8.189 3.860 
S.E. of a single determination 2.305 1.003 1.386 0.207 
C.V. of a single determination (%) 26.60 19.64 16.92 5.36 
Mean blood volume (% B.W.) 15.10 7.64 14.80 5.62 
S.E. of a single determination 4.04 1.38 2.71 0.32 
C.V. of a single determination (%) 26.74 17.99 18.34 5.66 
Mean BSP volume clearance 

milliliter per minute per kilogram B.W. 11.17 9.21 13.74 7.52 
S.E. of a single determination 1.62 1.48 1.24 0.40 
C.V. of a single determination (%) 14.49 16.04 9.05 5.27 


DISCUSSION 


From these various studies it is clear that the improved photometric tech- 
nique for the determination of sulfobromophthalein in plasma largely elimi- 
nates the effect of any hemolysis on the measurement. Hemolysis of blood is 
frequently encountered in routine blood sampling procedures and seriously 
interferes with the measurement of this dye. 

The necessity of developing a regression equation for predicting basic plasma 
blank O.D. from acidic plasma blank O.D. may constitute a severe limitation on 
the use of the method. However, it is felt that relatively simple graphic pro- 
cedures based on only a few acid-base plasma blank comparisons of hemolyzed 
plasmas might suffice as a basis for obtaining basic plasma blank O.D. If no 
hemolyzed plasma samples were present in a trial, the more direct methods 
of BSP assay would be indicated. 
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IMPROVED PHOTOMETRIC METHOD FOR ASSAYING 
PHENOLSULFONPHTHALEIN IN THE BLOOD OF 
CATTLE IN TESTS FOR RENAL FUNCTION ! 


R. R. ANDERSON? J. P. MIXNER 
Dairy Science Department, New Jersey Agricultural Experiment Station, Sussex 


SUMMARY 


The usual photometric procedures for the assay of phenolsulfonphthalein (PSP) in 
plasma containing free hemoglobin in renal function studies have been found to be in- 
adequate. An improved method of photometric assay for PSP in plasma has been de- 
veloped in which plasma blank optical densities (O.D.) of a series of blood samples con- 
taining no dye, but with varying degrees of induced hemolysis, were measured both in 
acidic and in basie media. Basie plasma blank O.D. were predicted from acidie plasma 
blank O.D. by means of derived regression equations. In the routine assay of PSP in 
plasma, O.D. readings were first made on the acidified plasmas. Excess base was then 
added and O.D. readings again made on the sample. When the predicted basic plasma 
blank O.D. were used to correct the 0.D. of the dye-containing plasma samples (vary- 
ing amounts of hematin), accurate estimates of dye content were obtained. In actual 
renal function tests in both calves and cows the improved photometric method was 
superior to the original procedure in the precision with which the measures were made. 


The acid-base photometric procedure previously employed for the assay of 
phenolsulfonphthalein (PSP) in the blood plasma of cattle in tests for renal 
function (1, 2,5) was found by experience to be deficient in two respects. First, 
although the turbidity normally exhibited by plasma or plasma diluted by 
water or saline can usually be cleared by the addition of dilute acid or base, 
in some instances this turbidity was not eliminated by such a procedure, result- 
ing instead in a poor plasma blank. Secondly, if hemoglobin was present in 
the plasma sample, the acid hematin formed in the blank had a different optical 
density (O.D.) than the alkali hematin of the split plasma sample, again leading 
to poor blank correction. 

Manning et al. (4) modified the procedure of Mixner and Anderson (5) 
for use with sheep, because of the turbidity problem. Plasma samples contain- 
ing hemoglobin were not used; although this eliminated the problem of hemo- 
globin, it meant the loss of some potential data. With the need for acidic 
plasma blanks eliminated, basic plasma blanks were run on plasma of blood 
collected prior to the intravenous injection of the dye. 

In our experience hemolysis is particularly prone to occur in blood samples 
collected from calves and sporadically in samples in general. To be able to 
salvage trials in which hemolysis of blood samples had occurred, a photometric 
adaptation was made. This modification was found to be useful in the assay of 
sulfobromophthalein (BSP) in blood plasma of cows (3) in a test for hepatic 
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function. It involved the development of a regression equation, such that basic 
plasma blank O.D. values were predicted from the corresponding acidic plasma 
blank O.D. values made on the plasma samples containing dye. Thus, the O.D. 
of each dye-containing plasma was first read in an acidic medium, after which 
excess base was added and the O.D. again determined to measure dye intensity. 
From the acidic plasma O.D. reading, a corresponding basic plasma blank O.D. 
was predicted by the equation, such predicted values being used as a correction 
for the basic O.D. dye readings. 


METHODS AND PROCEDURES 


Photometric procedure. To eliminate the turbidity problem, the ratio of 
plasma to total acid diluent in the photometric procedure was changed from 
1 in 2.5 to 1 in 5. The dilution in the amount of dye was adjusted by increasing 
the light path in the colorimeter tubes from 11 to 23 mm. Alternatively, to 
correct for dye dilution a greater amount of dye could be injected per animal. 

The modified photometric procedure is as follows: Using a round colorim- 
eter tube (23 mm. i.d.), to 3.0 ml. of plasma are added 9.0 ml. of water and 
3.0 ml. of 0.5 N HCl, and these materials mixed thoroughly. The tube is 
allowed to stand for 10 min., to develop the acid hematin if present. The O.D. 
of the tube is then read against a water blank in a spectrophotometer at 560 
mu (a Beckman Model B Spectrophotometer equipped with an adjustable tube 
holder was used). Immediately after this reading is made, 1.5 ml. of 2.5 N 
NAOH is added to the tube and mixed by swirling. The O.D. is then read 
immediately in the spectrophotometer a second time at 560 mu. 

Development of the regression equation. The procedures for the develop- 
ment of the regression equation for predicting basic plasma blank O.D. from 
acidic plasma blank O.D. were identical to those used in the modification for 
measuring sulfobromophthalein in hemolyzed blood (3). 

Test of the accuracy of the improved photometric method. The accuracy 
of the improved photometric method was tested in a manner identical to that 
used for sulfobromophthalein assay (3). Simulated PSP fractional clearance 
tests were devised, whereby either 0.018 or 0.009 mg. of PSP was added to tubes 
containing the four possible combinations of clear and hemolyzed plasmas, to 
simulate those levels of PSP generally encountered in the 30-min. and 60-min. 
plasma samples in an actual test of renal function. 

A similar series of tubes was run, using the original method of plasma blank 
correction. The PSP fractional clearance values obtained by the two photo- 
metric methods of blank correction were compared with a caleulated theoretical 
PSP fractional clearance value. 

Repeatability and precision of PSP clearance measures. PSP renal function 
tests were run in four bull calves and four cows to determine certain aspects 
of repeatability and precision, in a manner similar to that used for sulfobromo- 
phthalein fractional clearance tests for hepatic function (3). The data from 
the above trials were compared with similar data previously collected by use 
of the original photometric method (1). 
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RESULTS 


Development of the regression equation. A regression equation was calcu- 
lated by the method of least squares to predict the O.D. of basic plasma blanks 
from their corresponding acidic plasma blanks. This regression equation cal- 
culated on a within plasma sample basis was based on a series of four plasma 
samples, each having a series of seven subsamples with varying degrees of 
hemolysis. 

The regression equation developed was Y = 1.123 ¥ — 0.0109, in which Y 
equaled the O.D. of the basie plasma blanks and XY equaled the O.D. of the 
acidie plasma blanks. In the example below, and using the photometric method 
as already described, the acidic plasma blank O.D. of 0.018 mg. of PSP was 
0.168; whereas, the excess base PSP plasma O.D. was 0.561. Substituting the 
acidic plasma blank O.D. in the regression equation, a predicted basic plasma 
blank O.D. of 0.177 was obtained, giving an adjusted PSP plasma O.D. of 0.384. 


Plasma blank O.D. PSP plasma 


Predicted Excess 
PSP (mg. Acidie basic Adjusted 


0.018 0.168 0.177 0.384 


Test of the accuracy of the new photometric method. Both the original (1) 
and the improved photometric methods were used to obtain simulated PSP 
fractional clearance values when PSP was added to the four combinations of 
clear and hemolyzed plasma (Table 1). The improved photometric technique 


TABLE 1 


Comparison of the accuracy of original and improved photometric methods as used to 
determine simulated PSP fractional clearance values (four plasma samples) 


Simulated PSP fractional clearance values 


Plasma tube hemolysis combinations* 


Photometric 
method Characteristic A B 


Original (5) PSP fractional clearance 
Theoretical mean 0.0231 0.0231 
Observed mean 0.0233 —0.0117 
Deviations from theoretical” 0.0013 0.0419 
Deviations from theoretical 
as per cent of theoretical mean® 5.63 181.39 


Improved PSP fractional clearance 
Theoretical mean 0.0231 0.0231 
Observed mean 0.0237 0.0214 
Deviations from theoretical” 0.0009 0.0021 
Deviations from theoretical 
as per cent of theoretical mean® 3.90 9.09 


“A 1st plasma tube clear; 2nd plasma tube clear 

B lst plasma tube clear; 2nd plasma tube hemolyzed 

C 1st plasma tube hemolyzed; 2nd plasma tube clear 

D 1st plasma tube hemolyzed; 2nd plasma tube hemolyzed. 

Caleulated as where X, and X; equal the observed and theoretical mean 

N—1 

PSP fractional clearance values, respectively. This is equivalent to a standard error of a 
single determination. 

This is equivalent to a coefficient of variation of a single determination. 


| 
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0.0231 0.0231 
0.0453 0.0213 
0.0275 0.0023 
119.05 9.96 
0.0231 0.0231 
0.0242 0.0226 
0.0013 0.0012 
5.63 5.19 
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was superior in all plasma combinations, as judged by the deviations of the 
observed mean PSP fractional clearances from the theoretical mean PSP frac- 
tional clearances as per cent of the theoretical mean PSP fractional clearances 
(Table 1). 

Repeatability and precision of PSP clearance measures. The data for calves 
and cows were analyzed separately, since there were marked and significant 
differences between these classes of animals with respect to PSP clearance meas- 
ures. The animal variances (repeatability estimates) for the various PSP 
clearance measures were low and may not be too representative of animal 
variance in larger groups of animals (Table 2). The standard error and coeffi- 


TABLE 2 


Estimated variances and variance percentages for PSP clearance measures using the 
improved photometric procedure 


PSP volume 


PSP volume clearance as 
of distribu- milliliters per 
tion as per minute per 
PSP fractional cent of body kilogram of 
clearance weight body weight 
Degrees 
Source of of Variance Variance Variance 
variance freedom Variance percent Variance percent Variance per cent 
Bull calves 
Animal 3 .00000319 33.9 49.65 62.2 2.265 61.8 
Days: A 4 .00000403 42.8 26.33 33.0 1.374 37.5 
Samples: D: A 8 .00000112 11.9 Li 2.1 0.016 0.4 
Duplicates: S:D:A 16 -C0000107 11.4 2.16 2.7 0.011 0.3 
Total 31 .00000941 100.0 79.85 100.0 3.666 100.0 


Cows 


Animal 3 -00000097 15.7 0.437 4.8 —0.0081 -i2 
Days: A + -00000329 53.4 7.564 82.8 0.7077 95.2 
Samples: D: A 8 -00000007 1.3 —0.053 —65 0.0180 2.4 
Duplicates: S:D: A 16 -00000182 29.6 1.191 13.0 0.0262 3.5 

31 -00000615 100.0 9.130 100.0 0.7438 100.0 


Total 


TABLE 3 


Estimates of precision of PSP clearance measures as determined by two photometric methods 
for plasma blank correction 


Photometric method 


Original (1) Improved 
Item Calves Cows Calves Cows 

Number of animals 20 22 4 4 
Mean PSP fractional clearance 0.0256 0.0435 0.0238 0.0370 
S.E. of a single determination 0.0034 0.0055 0.0025 0.0023 
C.V. of a single determination (%) 13.1 12.7 10.5 6.2 
Mean PSP volume of distribution 

as per cent of body weight 31.8 18.2 32.1 21.8 
S.E. of a single determination 7.6 4.5 5.5 3.0 
C.V. of a single determination (%) 23.9 24.7 2 13.5 


Mean PSP volume clearance, as milliliters per 

minute per kilogram body weight 7.8 Pe 
S.E. of a single determination 1.90 1.2 
C.V. of a single determination (%) 4.1 6.2 


7 7.58 8.02 
5 1.18 0.87 
15.6 10.8 
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cients of variation of single determinations are probably the best measures of 
the precision of PSP clearance measures. These are presented in Table 3, in 
which these measures are calculated as the square roots of the sum of variances 
for days in animal, samples in days in animals, and duplicates in samples in 
days in animals as taken from Table 2. The precision of making PSP clear- 
ance measures by the improved photometric technique was greater in all 
instances than the precision of the original photometric method (1). 


DISCUSSION 


For the routine measurement of PSP in the plasma of cattle containing 
no free hemoglobin, a procedure similar to that reported by Manning et al. (4) 
would be preferable, in which a basic plasma blank containing no dye is used 
as a correction for the PSP-containing plasma. If any of the plasma samples 
contain free hemoglobin, this procedure is not adequate. The photometric 
method reported here largely corrects for the presence of hemoglobin in plasma 
and, thus, is a more versatile procedure. In lieu of regression analysis, as 
used in this study to develop the basis for predicting the basic plasma blanks 
of plasmas containing hemoglobin, simpler graphic procedures could be used 
to advantage. 
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INULIN RENAL CLEARANCE IN DAIRY CATTLE! 


R. R. ANDERSON® anno J. P. MIXNER 
Department of Dairy Science, New Jersey Agricultural Experiment Station, Sussex 


SUMMARY 


A practical method for determining inulin renal clearance (the glomerular filtration 
rate of the kidneys) and the volume of the extracellular fluids of cattle is described, based 
on the measurement of the kinetics of inulin distribution and disposal after intravenous 
infusion. For these purposes the blood level of inulin was determined at varying time 
intervals up to 2 hr. after infusion. 

Inulin had reached equilibrium with the extracellular fluids of the body in approxi- 
mately 45 min. (half-time of about 6 min.). The volume of the distribution of inulin was 
calculated to be 29.3 and 15.3% of body weight in a calf and cow, respectively. The 
inulin fractional clearance rate in a calf and cow were 0.0089 and 0.0168 per minute, 
while the corresponding inulin volume clearances were 2.61 and 2.57 ml. per minute per 


kilogram of body weight, respectively. 


From a variety of comparative studies it has been concluded that the renal 
clearance of the polysaccharide, inulin, is a measure of the renal glomerular 
filtration rate in vertebrates (6), including the cow (3). In addition, it has 
been found that inulin is well suited for the measurement of the fluid com- 
partment of the body, consisting of the plasma and extracellular fluids (6). 

Poulsen (3) reported that the mean inulin clearance of ten cows was 1.84 
ml. per minute per kilogram of body weight. Inulin clearance was found to 
be independent of diuresis or plasma concentration of inulin. Sellers et al. (5) 
reported that inulin clearances in calves 1-2 wk. of age, calves 6-10 wk. of age, 
and heifers 1144-214 yr. of age were 112, 169, and 151 ml. per minute per square 
meter of body surface, respectively. According to Smith (6), the inulin space 
of the body is about 16% of body weight. 

In studies on renal function in the cow (1, 2), phenolsulfonphthalein 
(PSP) was shown to be eliminated from the blood at a rate characterized by 
an exponential or first-order reaction, leading to the calculation of PSP frac- 
tional clearance and clearance measures based only on plasma concentration 
of PSP, urine analyses not being required. 

This study was initiated to determine if the renal clearance of inulin might 
be measured by similar techniques. Of particular interest were the time rela- 
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tionships necessary for the determination of inulin clearance, using blood 
measures of inulin after intravenous infusion. 


METHODS AND PROCEDURES 

Ten and 40 g. of inulin were injected rapidly into the jugular veins of 
Holstein Bull Calf 973° and Guernsey Cow 981, respectively. Small blood 
samples were collected before infusion, at approximately 4-min. intervals during 
the first half hour, and at 15-min. intervals during the next 1.5 hr. after 
infusion. The exact times of inulin infusion and collection of blood samples 
were noted accurately. 

Inulin in plasma samples was assayed by the direct resorcinal method 
without alkali treatment, as described by Schreiner (4). 

The plasma inulin time curves were analyzed by statistical methods previ- 
ously deseribed for renal studies, using phenolsulfonphthalein (1, 2). 


RESULTS AND DISCUSSION 
It was determined that disappearance of inulin from the blood plasma of 
the two animals could be characterized by the general formula of a compound 
exponential regression, inulin, milligrams per milliliter plasma = a,e™* + 
in which 
a, = concentration of inulin (milligram per milliliter) at zero time by extra- 
polation of the more rapid initial distribution curve. 
—b, =slope (rate constant) of distribution curve or phase. 
dz = concentration of inulin (milligram per milliliter) at zero time by extra- 
polation of the slower disposal curve. 
—bs=slope (rate constant) of the slower disposal curve. 
e = base of natural logarithms. 
t = time in minutes from dye injection. 


The first part of this equation (ae) represents the initial rapid decline 
in inulin level due to the distribution of inulin from the plasma into other 
extracellular fluids. The second part of the equation (a,e-*) represents the 
elimination or disposal of inulin from its space or volume of distribution by 
glomerular filtration after distribution has been completed. 

The volume of the extracellular fluids of the body (volume of distribution 
of inulin) may be caleulated from the formula 


milligram of inulin injected 
V.D., milliliter = 


a2 


The biological half-time (t14) for either the inulin distribution or disposal 
phase is caleulated by dividing the natural logarithm of two (0.693) by by 
or bo, respectively. 

The various constants of these equations for the two trials are presented 
in Table 1. 

The half-times for the distribution of inulin into the extracellular fluids 
of the body were 5.42 and 5.88 min. Accordingly, seven half-times, when dis- 
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TABLE 1 
Kinetie characteristics of the distribution and disposal of inulin in dairy cattle 


Characteristic Calf H973 ° Cow G981 


Body weight (kg.) 44.3 466 
Dosage inulin (g.) 10 40 
Distribution curve 

Degrees of freedom (N—2) 4 5 

—-0.98 —0.99 

a, milligram inulin per milliliter 1.236 0.833 
—b:i (per minute) 0.1280 0.1178 

t 1/2 (min.) 5.42 5.88 
Disposal curve 

Degrees of freedom (N—2) 5 5 

—0.98 —0.99 

a2, milligram inulin per milliliter 0.771 0.3386 
—be, per minute (fractional clearance) 0.0089 0.0168 

t 12 (min.) 77.8 41.3 
Inulin volume of distribution” 

Total (ml.) 12,963 

Per cent of body weight 29.3 
Tnulin volume clearance 

Milligrams per minute 115.5 

Milligrams per minute per kilogram body weight 2.61 

Milligrams per minute per meter® body surface 90.9 


“The coefficient of correlation between time in minutes after dye injection and loge of 
inulin concentrations of the first-order regressions. 
Measure of the volume of the extracellular fluids of the body, including plasma and 


lymph. 


tribution would be approximately 99% complete, would be approximately 45 
min. The half-times for the disposal of inulin were 77.8 and 41.3 min. From 
these considerations it is recommended that if only two blood samples are to be 
used to characterize inulin fractional clearance (be), they should be collected 
at approximately 45 and 105 min. after the infusion of inulin. 

The volume of distribution of inulin (29.3 and 15.3% of body weight in 
ealf and cow, respectively) is approximately what would be expected as the 
volume of the extracellular fluids of the body. These volumes are quite similar 
to those reported for phenolsulfonphthalein in calves and cows (1, 2). 

The inulin volume clearances (2.61 and 2.57 ml. per minute per kilogram 
of body weight in calf and cow, respectively) are much lower than those re- 
ported for phenolsulfonphthalein (7.48 and 8.00 ml. per minute per kilogram 
of body weight in calves and cows, respectively), using the same general tech- 
niques. The differences in inulin and phenolsulfonphthalein volume clearances 
represent the differences in their mode of elimination, the inulin being removed 
by glomerular filtration only, while the phenolsulfonphthalein is removed both 
by glomerular filtration and proximal tubule secretion. 

Both inulin fractional clearance (—be) and volume clearance are considered 
to be dynamic measures of renal glomerular function. They are easily measured 
without need of collecting urine, although the inulin volume clearance corre- 
sponds directly to clearance values obtained by usual methods of plasma and 
urine analysis (6). 

These preliminary trials in cattle define the general time relationships of 
inulin distribution and disposal inherent in a practical test of renal function 
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based on glomerular filtration rates as determined only from plasma analyses 
of inulin concentrations. 
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EFFICIENCY OF ABSORPTION OF THYROXINE IN VARIOUS FORMS 
FROM THE GASTROINTESTINAL TRACTS OF 
LACTATING COWS?” 


J. P. MIXNER anp H. D. LENNON, JR? 
Department of Dairy Science, New Jersey Agricultural Experiment Station, Sussex 


SUMMARY 


The efficiencies of absorption of orally administered crystalline L-thyroxine, thyro- 
protein, and thyroglobulin from the gastrointestinal tract of lactating cows were esti- 
mated by comparing the relative increase of plasma protein-bound iodine (PBI) from 
oral administration of these materials, with the corresponding PBI increases due to 
intravenous administration of L-thyroxine. 

In seven lactating cows the mean efficiency of absorption of thyroxine from thyro- 
protein (1.06% .-thyroxine) was 12.3%. Duplicate trials of absorption efficiency were 
performed in six other cows, the mean absorption efficiency being 13.9%; animal 
effects were highly significant statistically. 

Five lactating cows were used to determine the absorption efficiency of crystalline 
L-thyroxine and thyroxine in porcine thyroglobulin concentrate (0.37% w-thyroxine). 
Again, highly significant differences were found among animals. The mean absorption 
efficiencies of the erystalline L-thyroxine and the thyroxine from thyroglobulin were 
11.6 and 15.9%, respectively. 

These results suggest that one of the important causes of animal variation in their 
lactational (or other) responses to orally administered thyroidal materials may be the 
efficiency with which the materials are absorbed from the digestive tract. 


Relatively few data are available regarding the comparative effectiveness 
of orally and parenterally administered thyroidal materials in ruminants. In 
sheep, Turner and Reineke (21) found that thyroprotein administered orally 
was only 5% as effective in causing body weight reductions as that adminis- 
tered subcutaneously. In the same type of experiments another thyroprotein 
preparation was only 3% as effective orally as subeutaneously. Turner and 
Reineke (21) also reported that the sodium salts of p,i-thyroxine were about 
12.5% as effective orally as subcutaneously, based upon the amounts of mate- 
rials required to cause body weight losses in sheep. 

Monroe and Turner (15) fed thyroprotein to goats and caleulated the effi- 
ciency of absorption by comparing the crystalline p,L-thyroxine equivalents of 
the feed and feces. The estimated absorption efficiency of 78 to 88% was un 
doubtedly much too high, since by this technique it was not possible to dis 
tinguish between the amount of destruction of thyroxine in the digestive tract 
and the amount of absorption of thyroxine from the tract. 
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More recently, Wagner (22) compared the relative efficiency of injected 
L-thyroxine with orally administered thyroprotein (1% L-thyroxine equivalent) 
in blocking the release of I'*! from the thyroid gland of ewes. Two-tenths of 
a milligram of L-thyroxine injected was equivalent to 1.8 mg. L-thyroxine (in 
thyroprotein) fed, for an efficiency of absorption of 11.1%. 

In dairy cows there seem to be no comparisons of the relative effectiveness 
of orally and parenterally administered thyroxine. Bailey et al. (1) showed 
that oral doses of 50 to 150 mg. of L-thyroxine daily caused marked lactational 
responses in cows. Based upon lactation responses, it is generally considered 
that daily doses of 15 g. of thyroprotein (1% of L-thyroxine) or 150 mg. of 
L-thyroxine administered orally are equivalent to 15 mg. of injected L-thyroxine, 
for an oral efficiency of approximately 10%. 

The purpose of this study was to assess the relative efficiencies of absorption 
of oral t-thyroxine administered as thyroprotein, crystalline L-thyroxine, or 
thyroglobulin. This was done by comparing the increase in the plasma protein- 
bound iodine (PBI) caused by orally administered thyroxine materials to the 
PBI increases caused by intravenous L-thyroxine as a reference standard. 

Thyroxine is the major form of PBI in normal plasma (4, 16, 20) and both 
exogenous and endogenous thyroxine in plasma are protein-bound in the same 
way and have identical protein-linkage (6). 

To what extent PBI represents blood thyroxine in cattle may be judged 
from a number of studies. Long et al. (11) demonstrated that PBI is increased 
by thyroprotein feeding. Mixner and Lennon (13, 14) have shown the quanti- 
tative aspects of the effects of single administrations of exogenous thyroprotein, 
L-thyroxine, and L-triiodothyronine on PBI in cattle. Long ef al. (12) found 
that a daily oral supplement of 22 mg. of KI had no effect on PBI, and that 
larger doses caused an increase. King and Lee (7) and Lee ef al. (8) have 
shown that the feeding of a trace-mineralized salt containing 3,5-diiodosali- 
eyliec acid and cuprous iodide caused marked increases in the level of plasma 
PBI. Lewis (10) reported that the PBI level in an I'*!-radiation-thyroidecto- 
mized bull dropped to 0.8 ng. % in 33 days from a control level of 6.7 ug. %. 
Reece and Man (17) reported that only 57.2% of bovine sera PBI was butanol 
extractable (presumably thyroxine iodine). 

Todinated casein (a thyroprotein) has been shown by Friedberg and Reineke 
(5) to contain iodide, monoiodotyrosine, diiodotyrosine, thyroxine, and pos- 
sibly triiodothyronine. Similarly, the iodine of thyroglobulin consists of a few 
per cent as monoiodotyrosine, about 60% as diiodotyrosine, about 30% as 
thyroxine, with traces of triiodothyronine and other iodine compounds (23). 
The extent to which these various substances would be absorbed from the di- 
gestive tract of cattle and become plasma protein-bound is not known with 
any degree of certainty. 

From these various reports it is evident that thyroxine as well as nonthy- 
roxine iodine may cause increases in plasma FBI. It seemed feasible, however, 
to investigate the use of increases in PBI levels in cattle as an index of absorp- 
tion efficiency of orally administered thyroidal materials. 
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MATERIALS AND METHODS 


The .-thyroxine for intravenous injections in all experiments was in the 
form of sodium L-thyroxine pentahydrate.t Dosages are reported as L-thyroxine 
equivalent and corrected for purity. 

The thyroprotein® (iodinated casein) used in these trials was assayed chem- 
ically by Cerophyl Laboratories to be 1.06% w-thyroxine equivalent, by a 
method claimed to give results similar to those obtained by a radioisotope dilu- 
tion technique (18). Its content of diiodotyrosine was about 6%. 

L-thyroxine® for oral administration was in the form of sodium .L-thyroxine 
pentahydrate. Lactose was used as a carrier (4.0 g. thyroxine per 100 g. lae- 
tose). Dosages are reported as L-thyroxine equivalent, corrected for purity. 

The porcine thyroglobulin concentrate? was assayed by Warner-Lambert 
Research Institute to be 0.83% total iodine and 0.24% Blau or thyroxine 
iodine, which would be the equivalent of 0.37% .-thyroxine. 

Plasma PBI was assayed by the method of Brown et al. (3), as modified 
by Lennon and Mixner (9). 

All cows used in these studies were lactating. 


EXPERIMENTAL PROCEDURES 


A previous study (13) has shown that exogenous thyroxine is eliminated 
from the plasma in a manner characterized by a first-order or exponential re- 
gression. Using this scheme, the theoretical level of thyroxine in its volume 
of distribution may be calculated as of zero time, after distribution is completed 
but before any is eliminated (a, value or Y-axis intercept where Y = PBI 
values and XY =time after thyroxine administration). 

From the above considerations it was proposed to compare the PBI increase 
per milligram thyroxine fed to the PBI increase per milligram of thyroxine 
injected intravenously to derive an efficiency of absorption for thyroxine. 
The accuracy of such comparisons will depend in part on the accuracy of 
determinations of thyroxine in orally administered materials and also in part 
on the specificity with which thyroxine alone in orally administered materials 
will cause increases in PBI as a measure of thyroxine level. 

Preliminary studies. As a basis for routine study, three cows were given 
orally by capsule 75 g. of thyroprotein, 100 g. of thyroglobulin concentrate, 
and 300 mg. of L-thyroxine, respectively, to determine the time relationships 
with respect to the absorption of these materials as reflected in PBI increases. 

A single cow (H804), in successive trials, was given 25.2, 50.5, and 75.7 mg. 
of L-thyroxine intravenously, and 25, 50, and 75 g. of thyroprotein by capsule 


‘Supplied through the courtesy of Dr. H. L. Saunders, Smith, Kline, and French Lab- 
oratories, Philadelphia. 

°Thyroprotein was generously supplied by Mr. Loren V. Burns of the Cerophyl Lab- 
oratories, Inc., Kansas City. 

* 7 We are indebted to Dr. Robert L. Kroc, Warner-Lambert Research Institute, Morris 
Plains, New Jersey, for the supply of 1-thyroxine for oral administration (Preparation No. 
W1563-4) and the thyroglobulin concentrate (W1712, Lot No. 10477). 
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orally, to determine the effect of the dosage of these materials on the PBI in- 
crease per milligram of thyroxine administered by the two methods, respectively. 
Following oral administration of thyroprotein in capsular form, blood samples 
were collected at 36 and 72 hr. afterwards. Following intravenous L-thyroxine 
administration, blood samples were collected at 24 and 60 hr. 

Thyroprotein study. Trial 1. Seven cows in suecessive periods were each 
given single oral doses by capsule of 25 g. of thyroprotein (265 mg. of L-thy- 
roxine equivalent) and single intravenous doses of 25.2 mg. of L-thyroxine. 
Blood samples were collected as outlined previously. 

Trial 2. To assess the differences among and within cows associated with 
the estimates of absorption efficiency, duplicate procedures were performed in 
each cow at 1-mo. intervals, such that each cow received in each trial a single 
oral dose by capsule of 25 g. of thyroprotein and 25.2 mg. of L-thyroxine intra- 
venously. Blood samples were collected as previously outlined. 

Oral thyroxine and thyroglobulin trial. Five cows were used to study the 
efficiency of absorption of orally administered L-thyroxine and thyroglobulin 
concentrate. At 2-wk. intervals, and in a somewhat random order, each cow 
received successively 25.2 mg. of L-thyroxine intravenously, 300 mg. or 450 mg. 
of u-thyroxine orally by capsule, and 75 or 100 g. of thyroglobulin orally by 
capsule. Blood samples were collected as outlined previously. Since, from this 
scheme, the efficiency of absorption of both L-thyroxine and thyroglobulin was 
determined within each animal, an error term (animal X thyroxine source) 
would allow the assessment of animal differences with respect to efficiency of 
absorption. 

RESULTS 


Preliminary studies. Figure 1 presents the time relationships with respect 
to the absorption of thyroxine from the gastrointestinal tract in the form of 
orally administered L-thyroxine, thyroprotein, and thyroglobulin, as reflected 
in PBI increases. PBI was plotted on a logarithmic scale (Y-axis), whereas 
time was plotted on a linear scale (Y-axis). From this graph and other pre- 
liminary work it was concluded that blood samples taken 36 hr. and afterwards 
from the time of oral administration of the thyroidal materials could be used 
to define the semilogarithmic regression. 

The effects of varying dosages of either intravenous L-thyroxine or oral 
thyroprotein on PBI increases per unit of thyroidal material administered are 
shown in Table 1. The efficiency of absorption of the highest dose of thyro- 
protein perhaps was depressed somewhat. Apparently, this was not a reflection 
of the thyroxine-binding capacity of the blood, since PBI increases per unit 
of thyroxine injected intravenously were approximately the same for all dose 
levels. In subsequent trials, the lower doses of intravenous L-thyroxine and 
oral thyroprotein were used, since these gave adequate PBI responses for 
analytical purposes. 


Thyroprotein study. Trial 1. The efficiency of absorption of thyroxine in 
thyroprotein from the gastrointestinal tract was estimated in seven cows (Table 
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Fig. 1. Effect of time on PBI increase after oral administration of thyroidal materials. 
Note that at about 36 hr. after administration, absorption and distribution of thyroxine 
is largely completed and the elimination phase is progressing in a simple exponential manner. 


2). The mean absorption efficiency was 12.3%, with a range from 8.3 to 17.3%. 
From this trial it could not be determined whether significant differences 
existed among cows with respect to absorption efficiency, although the range 
was large. 

Trial 2. Duplicate estimates of the efficiencies of absorption of L-thyroxine 
from orally administered thyroprotein are presented for each of six cows 
(Table 3). The mean absorption efficiency was 13.9%, with a range from 7.7 
to 22.4%. An analysis of variance of the absorption efficiency data (Table 4) 
showed that 60% of the total variance was attributable to cows, this figure 
being a short-time (1 mo.) repeatability estimate. The standard error of a 
single determination was 2.84%, with a coefficient of variation of 20.43%. 

Oral thyroxine and thyroglobulin. The mean efficiencies of absorption of 
oral L-thyroxine and L-thyroxine in thyroglobulin were 11.62 and 15.86%, re- 
spectively (Table 5). The range for L-thyroxine was 4.45 to 18.38%, whereas 
the corresponding range for thyroglobulin was 6.52 to 25.62%. An analysis 
of variance of the efficiency of absorption data (Tabie 6) showed that there 
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TABLE 1 


Effect of various dosages of intravenous L-thyroxine and oral thyroprotein on PBI increases 
in a single cow (H804) 


1.V. L-thyroxine Oral thyroprotein Efficiency 
of absorp- 

PBI in- PBI in- tion of 
crease per ~—-- crease per thyroxine 
Com- milligram L-thyroxine milligram in thyro- 
parison Dosage thyroxine Actual equivalent thyroxine protein* 


(mg.) (ug. To) (9.) (mg.) (ug. Jo) 
25.2 0.833 25 265 0.117 


1 
2 50.5 0.800 50 530 0.129 
3 75.7 0.916 75 795 0.097 


Means 0.850 0.114 


*PBI increase per milligram thyroxine fed divided by PBI inerease per milligram 
thyroxine injected, times 100. 


° TABLE 2 
Efficiency of absorption of L-thyroxine from orally administered thyroprotein 


I.V. L-thyroxine Oral thyroprotein Efficiency 

of absorp- 
PBI in- PBI in- tion of 

crease per crease per thyroxine 

Cow milligram L-thyroxine milligram in thyro- 
No. thyroxine Actual equivalent thyroxine protein* 


(ug. Yo) (g.) (mg.) (ug. Yo) (%) 
H671 0.849 25 265 0.126 14.8 
H704 25. 1.207 25 265 0.100 8.3 
H858 : 1.066 25 265 0.094 8.8 
H711 0.762 25 265 0.104 13.7 
H791 25. 1.238 25 265 0.114 9.2 
H856 0.865 25 265 0.150 
H804 0.833 25 265 0.117 


Means 0.974 0.115 
*See footnote Table 1. 


were highly significant differences among cows (P < 0.01) and significant dif- 
ferences (P < 0.05) between the thyroxine sources with respect to absorption 
efficiencies. A variance study (Table 6) showed that 81.6% of the total variance 
was attributable to cows, 13.0% due to thyroxine source, and 5.38% due to error 
variance (cow X thyroxine source). If thyroxine source variance is discounted, 
then 93.8% of total variance was due to cows (repeatability estimate) and 6.2% 
was due to error. The standard error of a single determination was 1.86% and 
the coefficient of variation was 13.5%. 


DISCUSSION 


The over-all biological effectiveness of an orally administered thyroidal 
material is the sum or product of its efficiency of absorption from the digestive 
tract and the physiological response of the animal to the quantity of materials 


a. 
14.0 
16.1 
10.6 

| 13.6 
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TABLE 3 


Efficiency of absorption of L-thyroxine from orally administered thyroprotein as determined 
in duplicate in six cows 


I.V. u-thyroxine Oral thyroprotein Efficiency 
PBI in- Dosage PBI in- tion of 
crease per ——_____—— crease per thyroxine 
Cow Trial milligram L-thyroxine milligram in thyro- 
No. No. Dosage thyroxine Actual equivalent thyroxine protein* 
(mg.) (ug. %o) (g.) (mg.) (ug. %o) (%) 
H934 1 25.2 1.144 25 265 0.221 19.3 
2 25.2 1.759 25 265 0.217 12.4 
G956— 25.2 1.617 25 265 0.257 15.9 
2 25.2 1.719 25 265 0.251 14.6 
H866 1 25.2 1.138 25 265 0.255 22.4 
2 25.2 1.414 2 265 0.241 yy | 
H717' #1 25.2 0.829 25 265 0.071 8.6 
2 25.2 0.893 25 265 0.069 wea 
H669 1 25.2 0.956 25 265 0.089 9.4 
2 25.2 0.696 25 265 0.091 13.1 
G199 1 25.2 0.944 25 265 0.115 12.2 
2 25.2 0.777 25 265 0.110 14.1 


Means 1.157 0.166 


*See footnote Table 1. 


TABLE 4 


Analysis of variance and estimated variances of thyroprotein absorption efficiency data 
from duplicate estimates in each of six cows 


Estimated variances 


Variance Degrees of Mean 
source freedom squares We V. % 
Among cows 5 32.15** 12.05 60.0 
Between estimates within cows 6 8.05 8.05 40.0 
Total 11 20.10 100.0 


** Indicates statistical significance, P < 0.01. 


TABLE 5 
Efficiency of absorption of orally administered L-thyroxine and L-thyroxine in thyroglobulin 


Efficiency 
of absorp- 
L.V. L-thyroxine Oral L-thyroxine Oral thyroglobulin tion 
PBI in- PBI in- Dosage PBI in- L-thy- 
crease per crease per ———_—_—_\— crease per roxine 
Cow milligram milligram L-thyroxine milligram _L-thy- in thyro- 
thyroxine thyroxine Actual equivalent thyroxine  roxine globulin 


(ug. Jo) (ug. Yo) (g.) (mg.) (ug. To) 
H866 25.2 0.993 244.8 0.073 100 367.5 0.085 7.3 8.5 


G950 25.2 1.255 244.8 0.056 75 275.6 0.082 4.5 6.5 
H906 25.2 0.959 367.2 0.176 100 367.5 0.218 18.4 22.8 
H908 25.2 0.941 367.2 0.093 100 367.5 0.149 9.8 15.9 


0.645 0.117 367.5 0.165 


13.9 
H934 25.2 i 18.1 25.6 
Means 11.6 15.9 
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TABLE 6 


Analysis of variance and estimated variances of L-thyroxine and thyroglobulin absorption 
efficiency data 


Estimated variances 


Degrees of Mean — 
Source of variance freedom squares V. % 


Among cows (C) 107.85** b 81.6 
Thyroxine source (T) 45.07* ‘ 13.0 
Ox? 4 3.44 3. 5.4 


Total 9 33. 100.0 


* and ** indicate statistical significance, P < 0.05 and P < 0.01, respectively. 


actually absorbed. Thus, over-all biological effectiveness of orally administered 
thyroidal materials was measured in previous studies (21, 22). In contrast, 
it was the object of the present experiments to measure only the efficiency of 
absorption of the materials. 

The estimates of the efficiency of absorption of thyroxine in thyroidal 
materials from the gastrointestinal tract as determined in these studies were 
quite similar to the over-all biological effectiveness of orally administered 
materials as found in sheep (21, 22). 

It is interesting to note that the efficiencies of absorption of the different 
thyroidal materials, as measured by relative increases in plasma protein-bound 
iodine, were quite similar, ranging from 11.6 to 15.9%. These results tend to 
support the validity of the method as a measure of the efficiency of gastro- 
intestinal absorption of thyroidal materials. 

The marked variability among animals with respect to their lactational 
response to orally administered thyroidal materials is well known (2). Thomas 
et al. (19) found that the lactational response of cows appeared to be more 
limited by the individuality of the cow than by differences obtained by daily 
feeding of 1.0 or 1.5 g. of thyroprotein per 100 lb. of body weight. The extent 
of absorption of thyroactive materials from the gastrointestinal tract as a cause 
of animal differences may depend on such factors as the form in which thyroxine 
is fed, its solubility in water, and the extent of digestion or destruction. In 
addition, other physiological factors, such as age of the cow, stage of lactation, 
and potential producing *bility may profoundly affect the lactational response 
of animals to given quantities of thyroidal materials. The nutritional status 
of the animal, managerial factors, and climate may all play their part. 

There are no previous data that would indicate whether or not significant 
differences might exist among animals with respect to their ability to absorb 
orally administered thyroidal materials from their digestive tracts, as a pos- 
sible cause of animal response differences. The present experiments indicate 
that there are large among-animal differences in the efficiency of absorption of 
thyroprotein, crystalline L-thyroxine, and thyroglobulin from the gastrointestinal 
tract, as measured by the relative increases in plasma PBI of intravenously 
and orally administered material. 

The validity of among-animal significant differences in the efficiency of 
absorption of thyroidal materials from the digestive tract is not dependent in 
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these experiments on accurate measurements of the amount of L-thyroxine in 
the reference materials. The actual levels of efficiency of absorption were, of 
course, related directly to the levels of thyroxine contained in the various 
preparations, and to the degree to which PBI responses were due to thyroxine 
alone. 


If animal differences in the efficiency of absorption of thyroidal materials 
were as great as these experiments would indicate, then it would be rather 
impossible to obtain uniform herd responses in lactation to orally administered 
thyroidal materials, unless maximum doses of thyroidal materials were given. 
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HERITABILITIES OF SOME TYPE APPRAISAL TRAITS AND 
THEIR GENETIC AND PHENOTYPIC CORRELATIONS 
WITH PRODUCTION 


G. V. O’BLENESS, L. D. VAN VLECK, anp C. R. HENDERSON 
Department of Animal Husbandry, Cornell University, Ithaca, New York 


SUMMARY 


Estimates of heritability for 27 type traits and milk and fat production and of 
genetic correlation of type traits with production were obtained by a within-herd-year 
analysis of 842 daughter-dam pairs of the Holstein-Friesian breed. Heritability estimates 
for fat and milk production were higher (.42 and .40) than most reported previously. 
Most of the type traits studied had heritability estimates not significantly different from 
zero. Those traits with relatively high estimates were: milking quality, depth of barrel, 
udder texture, strength of udder attachment, depth of udder, and temperament. Esti- 
mates of genetie correlations of type traits with production were inconclusive, owing 
to lack of confidence in the components of the correlation coefficient. 

Phenotypic correlations between 26 type traits and production were estimated. A 
few other phenotypic correlations thought to be of interest were also estimated. The 
highest correlation found was between fat and milk production. Type traits which had 
estimated phenotypic correlations greater than .15 with production were dairy character, 
withers, depth of barrel, udder shape, depth of udder, and feeding habits. All of these 
correlations were less than .21. 

Selection indexes for breeding value for milk production were computed, utilizing 
seven variables having the highest heritabilities and phenotypic correlations with pro- 
duction. The index using all seven variables was found to have a correlation with actual 
breeding value of .58. Using milk production alone to estimate breeding value had a 
correlation with breeding value of .53. Since selection based on only milk production is 
nearly as accurate as using seven variabies, it appears that in any practical situation 
selection for milk production could be based on milk production alone. 


The purpose of type classification should be to increase the accuracy of 
selecting dairy cows for greater production. Type classification will accomplish 
this only if the heritabilities are sufficiently large enough and the genetic and 
phenotypic covariances are of such relative magnitude that indexes involving 
type traits will be more accurate in predicting breeding value for production 
than will production alone. In New York in 1953, the Extension Division of 
the Animal Husbandry Department of Cornell University began a program 
of objective rating of type traits to see if it would be possible to find a more 
accurate predictor of production than was available. 

The purpose of this study was to estimate the heritability of these traits 
and the phenotypic and genetic covariance of each with milk and fat produc- 
tion. These estimates were used to investigate the relative importance of 
these traits in selecting for production. 


SOURCE AN) DESCRIPTION OF THE DATA 
The data included in this study were individual type appraisal records 
taken by extension personnel who rated a complete herd at one time. Manage- 
ment traits were rated by the herd manager. From 1953 to 1958 approximately 
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25,000 records for all breeds were obtained. Genetic correlations and herita- 
bilities were estimated on 842 daughter-dam pairs in 178 herds in the Holstein- 
Friesian breed that fulfilled the following conditions: 


1. 2X, 305-day, M.E. records on both daughter and dam were available 
in the New York DHIA Central Processing Laboratory. 

2. The above records were made in the same year the herd was type 
appraised. 


3. There were at least two pairs in a herd. 


The number of pairs per herd varied from two to 20. Phenotypic correlations 
were estimated from 5,763 records in 419 herds. 

The original rating for each trait was not necessarily linear. In such cases, 
the rating was transformed to make the ranking linear. For example, depth 
of udder was rated: deep 1; intermediate 2, shallow 3; and too deep 4. This 
ranking was transformed to: shallow 1; intermediate 2; deep 3; and too deep 4. 
All records were on IBM punch cards. A sample of the appraisal form is 
presented by Trimberger (8). 

There may be some question as to the reliability of the observations taken 
by the herd-manager. It is felt, however, that such observations were not 
subject to error more than observations reported by the extension personnel. 
Since there is widespread interest in the New York system of type appraisal, 
it is felt that all possible characteristics should be reported to present a more 
complete picture of the importance or lack of importance of the individual 
characteristics. The possible source of error must be considered by everyone 
who wishes ‘to apply the results of the analysis. 


ANALYSIS AND DISCUSSION OF RESULTS 
Heritabilities and genetic correlations were calculated on a within-herd 
year basis. The heritabilities (h?) were estimated as twice the regression of 
daughter’s record on dam’s record. The genetic correlations were computed 
by both methods proposed by Hazel (2), 
2 +Cii) (1) 


| 
= (2) 


where Cj; and C;; are the estimates of the genetic covariance between traits 
i and j, and Cy, and C;; are the estimates of the genetic variance of traits i and j, 
respectively. 

If the signs of Cj; and C;; are different, yi; should not be estimated. If 
either C;; and Cj; are negative, neither estimate of the genetic correlation 
should be computed. 

Standard errors of the heritability estimates were estimated as: 


oy (he)? 
4 
N-H-1 
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where a, is the error variance of daughters and o; is the error variance of dams, 
N is the total number of pairs, and H is the number of herds. This computa- 
tional formula, derived from the usual estimated standard error of a regression 
coefficient, was suggested by VanVleck ef al. (11). 

Phenotypic correlations were estimated on a within-herd year basis. The 
components of variance were also estimated for the one-way classification 
model, where classes were herd-year groups. The variances of these components 
were calculated according to the formulas given by Searle (4). The estimates 
of the phenotypic and genetic covariances were used to construct indexes for 
estimated breeding value of milk production. 

Heritabilities. The heritability estimates of fat and milk production ob- 
tained in this study were .42 and .40, respectively. These estimates seem 
high when compared with those found by other investigators (5, 6, 7, 9, 10). 
This difference may be due to the complete confounding of herd and year 
effects in this study. Removal of the herd effect automatically removed the 
effect due to year. Tabler and Touchberry (6) obtained estimates of .24 and 
.27 for fat and milk yield, respectively, but without restricting the daughter 
and dam records to the same year. The estimate of heritability of depth of 
barrel, .33, is in accord with that found by Touchberry (7) for paunch girth, .26. 
The heritability estimates of leg and feet characteristics are similar to those 
found by Grieve (1). 

As can be seen from Table 1, the management traits which have heritability 
estimates significantly greater than zero at the .05 level of significance are 
temperament .40, milking quality .24, and milk leak .11. It is interesting to 
note that the estimated heritabilities of the incidence of mastitis, ketosis, and 
breeding trouble are very low. 

The only heritability estimate of a body characteristic whose confidence 
interval does not include zero is depth of barrel, .33. The leg traits and pin 
bone width have low heritability estimates. Among the udder characteristics 
with relatively high heritability estimates are: udder texture .28; strength 
of rear udder attachment .30; depth of udder .22; udder quartering .18, and 
strength of fore udder attachment .16. Other udder traits have low estimates 
of heritability. 

Genetic correlations. The estimates of genetic correlations obtained using 
the methods described by Hazel (2) are listed in Table 1. The variance asso- 
ciated with a genetic correlation is not known; consequently, a confidence 
interval for a genetic correlation also is unknown. Reeve (3), however, gives 
an approximate procedure for estimating the variance of the estimate of a 
genetic correlation. He also states that if heritability is assumed to be small 
the variance increases roughly in proportion to (1—vy’) as the genetic correla- 
tion (y*) decreases. An estimate of the genetic correlation between two traits, 
when one or both have a heritability of zero is, of course, meaningless. Since 
the estimate of a genetic correlation is a function of the correlations between 
traits of the daughter-dam pair, sampling errors in estimating these correla- 
tions can markedly affect the estimate of the genetic correlation. 

The simple correlations between the type traits of the daughters and the 
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TABLE 1 
Heritability estimates and genetic correlations with production for 27 type traits 
Standard 
Degrees error of Genetic correlation: 
of Heritability heritability With fat With milk 
Trait freedom estimate estimates 
Production and body characteristics 
Dairy character 664 10 95 
Head 664 15 092 06 24 
Shoulder 664 .10 062 —.24 —.14 20 
Withers 249 .16 .118 .35 .35 . 22 .03 
Hind 'egs (side) 664 .08 .078 .12 — .95 
Hind legs (rear) 664 .04 .18 .14 
Pasterns 664 12 .075 .19 .19 .32 
Rear leg movement 649 .07 .057 —.30 —.29 —.10 i 
Depth of barrel 525 33 115 .30 . 24 13 
Pin bone width 652 .096 40 .39 .30 
Fat yield 664 .42 .074 
Milk yield 664 .40 .077 
Udder characteristics 
Udder shape (rear) 415 .109 —.54 —.54 .29 
Udder shape (fore) 487 — .05 .094 
Udder texture 523 .28 .069 — .06 
Depth 464 .22 096 —.11 .14 
Levelness 464 .09 .072 — .30 .14 
Strength of 
attachment (rear) 664 .30 .05 .02 
Strength of 
attachment (fore) 664 .16 .060 .02 .19 1 * 
Udder quartering 663 .18 078 .00 “4 — .02 
Teat length (rear) 652 —.09 .090 
Teat length (fore) 651 O88 .42 66 
Management traits 
Temperament 661 .40 .16 .09 95 
Feeding habits 661 .02 . 084 hit 1.24 1.04 
Mastitis 661 .060 —.12 —.02 44 
Ketosis 659 — .03 .039 4 
Breeding trouble 661 .03 .060 .29 3 
Milking quality 660 .24 .078 10 
Milk leak 660 11 .056 —.25 -—.17 


* Indicates the estimate is imaginary. 
(1) Estimated as + Ci) 
Vv CC ii 


where C’s are estimates of population covariances. 


(2) Estimated as ofthe ji 


production of the dams were found to be between —.06 and .12; the corre- 
sponding correlations between production of the daughters and type traits fo 
the dams were between —.05 and .07. Only correlation coefficients with abso- 
lute values greater than .08 can be considered significantly different from zero 
at the .05 significance level. In this study only six of these correlations were 
equal to or exceeded .08. None of the correlations of type traits of the dams 
with production of the daughters was as great as .08. If the correlations of 
the same traits between dams and daughters are subjected to similar examina- 
tion only milking quality .12; depth of barrel .12; udder texture .18; strength 
of rear udder attachment .18; strength of fore udder attachment .10; udder 
quartering .09; withers .09; temperament .18; and depth of udder .10 exceed 
the .08 point. At least one or more of the components of the genetic correla- 
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tions estimated in this study can not be said to be different from zero. This 
indicates that the estimates of genetic correlations of production with type 
traits listed in Table 1 can not be said to be significantly different from zero. 
The genetic correlation found in this study between milk and fat yield, 
.77, agrees with estimates found by other investigators (6, 7, 9). All of the 
components making up this estimate are significantly greater than zero. 
Phenotypic correlations. The estimates of the phenotypic correlations ob- 
tained in this analysis are listed in Table 2. Estimates which have an absolute 
value greater than .03 can be said to be significantly different from zero at 
the .05 level. The highest value, .87, is the correlation between milk and fat 


TABLE 2 
Estimated phenotypic correlations and components of variance 


Degrees Components of 
of Phenotypic correlation with variance® 
Trait freedom* Fat Mik D.C.» M.Q¢ D.U.4 Gi a 
Production and body characteristics 
Dairy character 5344 . 209 . —.024 . 169 . 2425 
Head 5344 .194 .0149 . 1852 


Shoulder 5344 —.071 —.077 0266 . 2314 
Hind legs (side) 5344 O15 . 0365 .3144 
Hind legs (rear) 5344. —.008 .0361 . 2827 
Pasterns 5344 —.024 —.033 —.051 .3176 
Rearlegmovement 5172 —.032 —.033 — .0022 .0321 
Depth of barrel 4357 .134 . 158 186 —.056 .312 . 0387 . 2692 
Pin bone width 5187 046 054 2813 
Fat yield 5344 . 184 .136 3,037 6,094 
Milk yield 5344 .209 006 .191 1,803,400 4,535,700 
Udder characteristics* 

Udder shape (rear) 3913 177 .0458 . 3823 
Udder shape (fore) 4836 093 .0310 3685 
Udder texture 4342 — .026 .227 —.156 .0553 2545 
Depth of udder 3832 136 191 —.158 
Levelness 3831 O1L —.017 113° —.172 0626 .5125 
Strength of 

attachment (rear 5342. —.021 —.044 .0474 
Strength of 

attachment (fore) 5342 —.049 —.088 . 0592 . 5157 
Udder quartering 5342 O15 003 
Teat length (fore) 5190 .002 —.022 .0280 . 2239 

Management traits 

Temperament 5328 052 .000 —.002 —.015 .0050 . 1639 
Feeding habits 5328 .0718 . 2096 
Mastitis 5331 055 .114 .0133 . 1553 
Ketosis 5316 —.045 —.063 .0645 
Breeding trouble 5338 —.068 —.073 .0050 .0980 
Milking quality 5326 .039 .006 —.024 .0643 .3719 
Milk leak 5325 .0008 .0499 


* Degrees of freedom are for correlations with milk and fat production and for the components 
of variance. 

» D.C. = Dairy character. 

© M.Q. = Milking quality. 

4 D.U. = Depth of udder. 

¢ Components of variance were estimated for the model 

Y;;=u+hi+e;;, where Y;; is the observation on the 7‘" cow in the i** herd-year and 

the A,’s and e;;’s are independently distributed with zero means and variances oj, and o3, respectively. 

‘ *Indicates the estimate was not computed. 

* The estimated phenotypic correlation between mastitis incidence and udder texture =.114. 
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production. This is similar to values previously reported by Tyler and Hyatt 
(9) and Tabler and Touchberry (5). 

A few phenotypic correlations other than those with production also were 
computed. Some of the more interesting ones are those between dairy character 
and body traits. Head, depth of barrel, and depth of udder apparently are 
positively correlated with dairy character. This could be due to the influence 
these traits have on the rating given dairy character by the rater. Udder 
texture, levelness of udder, and mastitis incidence seem to be positively corre- 
lated with milking quality. Depth of udder appears to have a significant 
negative correlation with udder texture, levelness of udder, and milking 
quality. Depth of udder, however, has a positive phenotypic correlation with 
depth of barrel. 

All type traits have relatively low phenotypic correlations with production. 
Some of the higher estimates are those for dairy character, withers, depth of 
barrel, udder shape, depth of udder, and feeding habits with production. 
Of these, only depth of barrel has a heritability estimate greater than .15. 
This would suggest that selection for these traits of the dam would not have 
a very large effect on production of the daughter. Accordingly, only those 
traits with relatively high heritabilities and phenotypic correlations with pro- 
duction were used in constructing selection indexes for breeding value of 
production of the dams. Dairy character was included as an exception, since 
it is thought by many to be indicative of producing ability. 

Selection indexes. The indexes used in estimating breeding value of a cow 
were of the form: ‘ 
T= Xi, 

i=l 

where I = estimate of breeding value for milk production, 
X, = fat production, 
X, = milk production, 
X; = dairy character, 
X, = depth of barrel, 

= depth of udder, 

X, = milking quality, 

X; = temperament, all observed on the cow. 


| 


The set of equations used to estimate the b’s were of the form: 
b, ox, + beox,x, +... + Onox,x, = ox, 
ox,x, + +... + ba ox,x, = 


biox,x, + beox.x +... +0, ox, = 


2 
where ox, = variance of trait Y,;; 
ox,x, = phenotypic covariance between traits X; and X;; and, 
ox = the genetic covariance between trait X; and breeding value 


for milk production. 


‘ 
i 
: 
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Estimates of the variances and covariances found in this study were sub- 
stituted into the equations and the equations solved for the b’s. The estimates 
of phenotypic variances used in the index equations were those obtained from 
the analysis of 5,763 records. Which estimates of parameters to use in index 
equations is an unanswered problem. In this study the estimates associated 
with the larger number of degrees of freedom were used. The index equation 
involving all seven variables was then estimated to be: 


T = 


These b’s actually appear to give an exaggerated importance to some 
characteristics. The magnitudes of X3, Xs, X;, Xs, and X; are in the range 
one to four, whereas X, is in thousands and X, in hundreds. The standard 
partial regression coefficients give a much clearer picture of the relative im- 
portance of these traits. The partial regression coefficients and the standard 
partial regression coefficients for the seven variables are shown in Table 3. 


TABLE 3* 


Partial and standard partial regression coefficients 
for the index with seven variables 


Trait b b’ 
Fat production —2.06 — .08 
Milk production .35 
Dairy character 623.11 .14 
Depth of barrel —217.89 — .05 
Depth of udder —125.10 — .04 
Milking quality 79.82 .02 
Temperament 66.48 01 


* b=Partial regression coefficient; b’=standard partial regression coefficient. 


The standard partial regression coefficients indicate that the most important 
contribution to the index is made by milk production. Dairy character seems 
to be relatively more important than the five other variables. A probable 
reason for the negative coefficient associated with fat production is its high 
correlation with milk production. A similar reason might be given for the 
coefficients of depth of barrel and depth of udder, since their relation to dairy 
character seems to be somewhat important (see Table 2). 

The correlation between the index and actual breeding value is measured by 


n 
R=,/ 

as given by Hazel (2). Table 4 presents R for indexes having various combina- 
tions of the independent variables. Including all seven independent variables 
gives R=.58. The use of milk production alone in the equation gives R =.53. 
Since the genetic progress is proportional to R, a method of comparing the 
relative importance of various indexes is to express the efficiency of the indexes 
as the ratio of one R to another in percentages. Taking the R for milk as a 


3 
‘ 
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base, the other #’s are expressed as a percentage of the R for milk production 
in Table 4. This comparison shows that if the estimates of genetic and pheno- 
typic parameters included in the equations are actually correct, the index 
using seven variables is about 10°% more effective in selecting for milk produc- 
tion than the index including only milk production. This suggests that selection 


TABLE 4° 


Partial regression coefficients, R;, and R; expressed as a percentage of the R for 
milk production alone for various combinations of traits used in selection 
indexes to estimate breeding value for milk production 


Index Dairy Depth of | Depth of Milking Temper- Per- 
No.=j Fat Milk character _ barrel udder quality ament R;» cent® 
1 —2.06 .35 623.11  -—217.89  —125.10 79.82 66.48 .5791 109.87 
2 —2.05 .35 622.26 -—216.92 -—126.38 79.52  .......... .5789 109.84 
3 —1.99 .35 622.81 —218.99 —137.51 ........ @48 .5778 109.64 
—170.19 81.44 62.14 .5735 108.82 
5 —1.82 37 22.12 -—117.05 78.54 57.19 5345 101.42 
6 6.20 662.82 —202.37 44.39 60.67 77.41 4981 94.52 
29 #617.10 —217.43 -—117.26 72.18 62.81 5758 109.25 
8 —1.90 106.24 68.14 5681 107.79 
9 a: —162.27 73.88 58.86 .5702 108.19 
10 .28 614.81 63.97 67.23 .5728 108.69 
11 —1.97 35 621.98 —218.02 .5773 =109.54 
14 87.80 58.18 .5291 100.40 
28 499.66 64.19 .5627 106.77 
28 502.36 .5644 107.10 
28 499.09 .5625 106.74 
... .0738 14.00 
22 .0461 8.75 
23 .0461 8.75 
® The values listed for each row are the coefficients for the traits included in that particular 
index. ------ indicates the trait was not used in that index. 


b’R; = \ agony where o} is the genetic variance of milk production. 


© R; expressed as a percentage of the R for the index using only milk production, Rip. 


on the basis of milk production — which is much easier — would be nearly 
as effective as selection based on all seven variables. Using the other variables 
singly to predict breeding value for milk production, as shown in the table, 
is not as effective as using milk alone. Fat production, owing to its high correla- 
tion with milk production, appears to be more effective in selecting for milk 
production than are any of the five other variables. All others, except for dairy 
character, which is about half as efficient as milk production, seem not to be 
very effective for selecting for breeding value for milk production. 
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EFFECT OF PROMAZINE HYDROCHLORIDE AND CHLORPROMAZINE 
HYDROCHLORIDE ON THE MOTILITY AND FERTILITY 
OF BOVINE SEMEN 


R. H. FOOTE anp LINDA C. GRAY? 
Department of Animal Husbandry, Cornell University, Ithaca, New York 


SUMMARY 


Promazine hydrochloride (Sparine) and chlorpromazine hydrochloride (Thorazine) 
were incorporated in 20% egg yolk extenders of the CU-16 type at levels as high as 
2,000 yg. per milliliter of extender. None of the levels of promazine tested improved 
sperm survival, and the highest levels of both drugs were spermicidal (P < 0.01). 
Survival of spermatozoa was improved by the replacement of sulfanilamide (SA) with 
200 wg. chlorpromazine per milliliter in CU-16 extender, but chlorpromazine was only 
partially effective in replacing SA in CUE extender. The same level of chlorpromazine 
was slightly spermicidal when added to a 50% yolk-citrate-sulfanilamide extender, ‘and 
markedly spermicidal when added to heated skimmilk. 

The 60- to 90-day nonreturns for semen extended in the CU-16 extender, modified 
by replacing SA with 200 yg. of chlorpromazine per milliliter, averaged 73.9% com- 
pared to 70.3% for the control 50% yolk-citrate-sulfanilamide extender. Subsequently, 
this modified CU-16 extender was compared with the sulfanilamide-containing standard 
CU-16 and CUE extenders. The number of first services and 60- to 90-day per cent 
nonreturns for the three extenders, respectively, were 4,796 and 73.7, 4,871 and 74.9, 
and 4,650 and 74.9 (P > 0.05). While all three extenders gave highly acceptable 
fertility, there appears to be no advantage in replacing sulfanilamide with chlorproma- 
zine in the extenders used in these experiments. 


Tranquilizers, such as promazine and chlorpromazine, have become a widely 
administered group of compounds. Little is known about their effects on repro- 
duction, although the sedative effects of chlorpromazine have been utilized to 
facilitate examination of the reproductive organs of the bull (9) and the collee- 
tion of semen by electro-ejaculation (6). Several of these compounds have been 
reported by Himwich (7), Kopera and Armitage (8), and others to affect 
cellular metabolism in general, as well as to cause depression of the cortical 
centers. Both effects might influence spermatogenesis and spermatozoa in vivo, 
and any general depressant of cellular metabolism might be useful in prolong- 
ing sperm survival in vitro. Burton et al. (2) found that promazine and chlor- 
promazine could prolong artificially elevated levels of diphosphopyridine nucleo- 
tide in the liver, a compound present in sperm and involved in fructolysis. A 
brief qualitative report by Manente (11) suggested that bull sperm survival 
may be increased by the addition of chlorpromazine, whereas unpublished ob- 
servations by Lutwak-Mann and Mann (10) indicated that chlorpromazine may 
abolish metabolism and motility of ram spermatozoa. In view of the widespread 
use of tranquilizers and the limited information available in the literature, 
studies of the effects of promazine hydrochloride and chlorpromazine hydro- 
chloride upon the survival and fertility of bovine spermatozoa were undertaken. 
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EXPERIMENTAL PROCEDURE 


The promazine hydrochloride used was sold under the trade name Sparine, 
and the chlorpromazine hydrochloride as Thorazine. For the sake of brevity 
in this paper they are referred to as promazine and chlorpromazine. The basic 
extenders, to which varying amounts of these compounds were added, were of 
the CU-16 and CUE types described by Foote et al. (3, 4), a 50% yolk citrate 
extender, and skimmilk prepared according to the report by Almquist et al. 
(1). The standard CU-16 and CUE extenders contain 20 parts of egg yolk 
mixed with 80 parts of a buffer solution composed of glucose, glycine, sodium 
citrate, and other salts. These extenders also contained 0.24% sulfanilamide 
(SA) and 1,000 units of penicillin and 1,000 yg. of dihydrostreptomycin per 
milliliter. 

For both the storage and fertility studies semen was obtained from bulls 
ejaculated at weekly intervals in the stud of the New York Artificial Breeders’ 
Cooperative, Inc. The semen was extended to give ten million motile sper- 
matozoa per milliliter of extender, which resulted in average extension rates 
slightly in excess of 1: 100. 

In laboratory trials subsamples were removed after one, four, eight, and 12 
days of storage at 5° C., and examined microscopicaliy in a stage incubator at 
37° C. for the percentage of motile spermatozoa. The pH of the extenders and 
of the extended semen was measured in a Beckman model G pH meter. 

In the fertility trials which followed the laboratory studies the design was 
such that treatments were not confounded with bulls, time trends, or insemi- 
nators. With this design an unbiased test of the significance of treatment 
differences can be made. The fertility was measured as the percentage of first- 
service cows not returning for reinsemination within 60 to 90 days after the 
initial service. The analyses of variance of these data were done according to 
the procedures outlined by Henderson (5). 


RESULTS AND DISCUSSION 


Laboratory studies. In the first experiment promazine and chlorpromazine 
were added to the CU-16 extender, which was modified by replacing sulfanila- 
mide with 0, 20, 200, and 2,000 yg. of tranquilizing drugs per milliliter of 
extended semen. The highest level of each drug tested was definitely harmful 
to the spermatozoa (P < 0.01). Levels up to 200 yng. per milliliter either were 
beneficial or without effect. A second experiment was conducted using inter- 
mediate levels of tranquilizers, and the results of these two experiments are 
shown in Table 1. After eight days of storage the 100-yg. and 200-ng. levels of 
chlorpromazine were superior to the control (P < 0.01). Similar levels were 
found by Burton et al. (2) to produce effects on the diphosphopyridine nu- 
cleotide content of liver. Promazine showed no significant beneficial effects, 
and further studies with this compound were discontinued after a study with 
30 ejaculates of semen. The initial pH of all the extenders was approximately 
6.9, and after 12 days of storage the pH of the extended semen ranged from 
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TABLE 1 


Percentage of motile spermatozoa in modified CU-16 extender containing promazine or 
chlorpromazine but no sulfanilamide 


Days Con- Promazine (ug/ml) Chlorpromazine (u/ml) 
seed trai, 
Expt. at5°C. drug 20 100 200 2000 20 100 200 2000 
(Yo motile spermatozoa) 
(10 ejac.) 1 61 59 sis 54 37 58 er 56 35 
4 56 56 er 52 14 56 ~ 53 23 
8 33 31 oa 41 0 37 ne 42 10 
12 19 18 et 26 0 24 com 30 4 
Mean 42 41 aut 43 13 44 ne 45 18 
II 
(20 ejac.) 1 58 60 60 58 60 58 62 
4 54 55 56 56 57 54 58 
8 30 30 36 36 38 47 49 
12 13 13 16 16 os 15 27 34 
Mean 38 39 42 41 ee. 42 47 51 


6.59 to 6.68. Therefore, pH would not appear to be a factor affecting sperm 
survival in these experiments. 

Next, chlorpromazine was added to the CUE extender in comparison with 
CU-16. Sulfanilamide was included in one series of treatments and omitted 
from an otherwise duplicate series. The results are shown in Table 2. Over 


TABLE 2 
Percentage of motile spermatozoa in CU-16 and CUE extenders with and without 
ehlorpromazine and sulfanilamide 
(Mean of ten ejaculates) 


No sulfanilamide 300 mg. % sulfanilamide 
Days Chlorpromazine (ug/ml) Chlorpromaizne (ug/ml) 
Ex- stored 
tender at5°C. 0 200 409 0 200 400 
(% motile spermatozoa) 
CU-16 i 61 60 59 57 59 57 
4 54 55 53 53 52 51 
8 37 47 39 35 37 34 
12 22 34 27 30 27 24 
Mean 44 49 44 44 44 42 
CUE 1 56 56 59 62 61 55 
4 43 46 52 56 53 53 
8 21 28 33 46 42 38 
12 9 24 27 35 25 26 
Mean 32 39 43 50 45 43 


the 12-day storage period chlorpromazine improved sperm survival in the 
absence of sulfanilamide, but not in the presence of sulfanilamide. The 200-ng. 
level was nonsignificantly higher than the 400-ug. level (P > 0.05). The best 
survival was obtained in the CU-16 extender modified by replacing the sul- 
fanilamide with 200 yg. per milliliter of chlorpromazine, and in the standard 
CUE extender containing sulfanilamide but no chlorpromazine. These findings 
were supported by the results shown in Table 3, which includes a 50% citrate- 
sulfanilamide-yolk medium (2.9 CSAY) commonly used by artificial breeding 
organizations. Separate analyses of the experiments, shown in Tables 2 and 3, 
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TABLE 3 


Percentage of motile spermatozoa in modified CU-16, modified CUE, and 2.9 CSAY extenders 
containing sulfanilamide, and 0 and 200 ug. of chlorpromazine per milliliter 
(Mean of ten ejaculates) 


Levels of chlorpromazine (ug/ml) in: 


Days CU-16 CUE 2.9 CSAY? 
stored — - - - 
at 5° C. Control* 0 200 0 200 0 200 

(% motile spermatozoa) 

1 65 57 63 59 62 61 58 
4 60 59 61 59 59 58 57 
8 55 57 56 58 56 57 49 
12 50 41 40 48 39 38 28 
Mean 58 54 55 56 54 54 48 


“Control was the modified CU-16 containing 200 ug. of chlorpromazine per milliliter 
but no sulfanilamide. All other treatments contained sulfanilamide. 


"Consisted of a buffer containing 2.9% of sodium citrate dihydrate and 0.6% of 
sulfanilamide mixed in equal parts with egg yolk. 


and a single analysis combining the treatments included in both experiments, 
revealed the following: 

1. Replacing the sulfanilamide in the CU-16 extender with 200 yg. per 
milliliter of chlorpromazine significantly improved sperm survival over a 12-day 
storage period (P < 0.01). 

2. Replacing the sulfanilamide in the CUE extender with chlorpromazine 
or its inelusion with sulfanilamide in the extender reduced the percentage of 
motile spermatozoa at 12 days of storage (P < 0.01). 

3. Addition of chlorpromazine to the 2.9 CSAY extender reduced sperm 
survival (P < 0.01). 

The same extenders as those shown in Table 3 were used for storing semen 
in tubes and in ampules at both 5 and 25° C. Both types of storage containers 
gave similar results, but the average motility of the spermatozoa was lower at 
25° C. than at 5° C., particularly when sulfanilamide was absent. 

An experiment with CU-16 extender, in which 100-ng. and 200-yg. levels of 
chlorpromazine per milliliter were combined with 0, 0.15, and 0.30% of sul- 
fanilamide, showed no difference between levels of the tranquilizer. However, 
a linear reduction in sperm survival resulted as the concentration of sulfanila- 
mide increased. The percentage of motile spermatozoa at the twelfth day of 
storage averaged 36, 30, and 23 for the 0, 0.15, and 0.30% levels of sulfanila- 
mide, respectively. 

Heated skimmilk is commonly used for extending bovine semen (1), and 
the effects of adding chlorpromazine to this extender are shown in Table 4. 
The differences among the three extenders were highly significant (P < 0.01), 
indicating better survival of the spermatozoa in the modified CU-16 extender 
than in skimmilk, and a toxie effect of chlorpromazine in skimmilk. 

Fertility trials. Because the modified CU-16 extender, in which the sulfa- 
nilamide was replaced with 200 yg. of chlorpromazine per milliliter of extender, 
seemed promising for the preservation of bull semen used in artificial insemi- 
pation, a fertility trial, comparing it with the 50% citrate-sulfanilamide—buf- 
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TABLE 4 


Percentage of motile spermatozoa in heated skimmilk with and without chlorpromazine 
(Mean of ten ejaculates) 


"Heated skimmilk 


Days plus 200 wg. 
stored Control Heated chlorpromazine 
at 5° C. (Modified CU-16) skimmilk per milliliter 
(% motile spermatozoa) 
1 61 60 49 
+ 60 55 15 
8 49 32 0 
12 32 7 0 
Mean 50 38 16 


fered yolk (2.9 CSAY) then in standard use by the New York Artificial 
Breeders’ Cooperative, Inc., was conducted in April and May, 1958. This first 
trial was conducted on a small seale, in view of the work of Lutwak-Mann and 
Mann (10) indicating that under certain conditions chlorpromazine may damage 
spermatozoa. Four bulls were used. Their average 60- to 90-day nonreturn 
rate in routine service just prior to and following the experiment was 70%. 
The results of the experiment were as follows: 


60- to 90-day 


No. of per cent 

Extender first services nonreturns 
Control 2.9 CSAY... .....1497 70.3 
Modified CU-16...... 73.9 


The difference between treatments was not statistically significant (P > 0.05), 
although all four bulls had higher nonreturn rates in the experimental extender. 

In March, 1959, a second field trial was conducted in which the modified 
CU-16 extender, containing chlorpromazine but no sulfanilamide, was com- 
pared with the standard CU-16 and CUE extenders containing sulfanilamide. 
Twelve Holstein bulls were used, and the results are shown in Table 5. The 


TABLE 5 
Number of first services and percentage of 28- to 35-day and 60- to 90-aay nonreturns in 
Trial 2 
Modified 
OU-16, SA 
replaced 
with chlor- 
CUE CU-16 promazine 
No. of first services 4,650 4,871 4,796 
28- to 35-day per cent nonreturns 84.6 85.3 84.0 
60- to 90-day per cent nonreturns 74.9 74.9 73.7 
Decrease in per cent nonreturns 9.7 10.4 10.3 


three extenders gave similar nonreturn rates 28 to 35 days and 60 to 90 days 
after insemination (P > 0.05). These nonreturn rates are higher than those 
obtained with the 2.9 CSAY control in the first fertility trial, but are con- 
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sistent with the generally higher fertility levels previously reported for the 
CUE and CU-16 extenders by Foote et al. (4). 


It is concluded from these studies that the modified CU-16 extender con- 
taining chlorpromazine but no sulfanilamide may have a fertility advantage 
over the 2.9 CSAY extender but none over the standard CU-16 extender con- 
taining sulfanilamide. At the same time, however, it is important to note that 
levels of chlorpromazine as high as 200 yg. per milliliter of CU-16 extender did 
not reduce fertility. The regular CUE and CU-16 extenders appear to be 
equal in maintaining high nonreturn rates. The results of this trial added to 
those previously reported (4) give a total of 10,930 first inseminations and 
75.9% 60- to 90-day nonreturns for tke CUE extender, and 11,016 first services 
and 75.5% nonreturns for the CU-16 extender. 
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TECHNICAL NOTES 


CORRELATION AND RELATIVE PRECISION OF TWO METHODS OF 
MEASURING THE CHLORIDE CONTENT OF MILK’ 


New tests have been developed recently for 
estimating the chloride content of milk (1, 4). 
For many years modifications of Mohr’s direct 
titration method, in which chloride is titrated 
with a standardized solution of silver nitrate 
in the presence of potassium chromate indi- 
cator, have been in general use in this country 
(2). These methods have yielded values which 
were artificially high primarily because of inter- 
ference by casein. The new potentiometric 
methods were developed to eliminate this source 
of error. The objectives of this investigacion 
were (a) to compare the precision of a com- 
monly used modified direct titration method (3) 
with the precision of one of the new potentio- 
metric methods (1), and (b) to compare the 
results obtained by one of these methods with 
those of the other. 

In comparing the precision of the two meth- 
ods, composite (A.M. and p.m.) milk samples 
were collected at random from individual cows 
in the Florida Agricultural Experiment Station 
herd. Analyses were made in duplicate by five 
different operators, using both of the methods. 
Each operator made a preliminary trial to 
gain some experience with both methods. Three 
successive trials were then made over a 3- 
wk. period on ten samples of normal, fresh, 
whole milk. The chloride content was deter- 
mined by one method one day and the other 
method the following day by each of the five 
operators. In each case, the operator was given 
a sample to practice on before starting on the 
ten samples. It was not possible for the op- 
erator to compare duplicates during the per- 
formance of the titrations. 

A Beckman Model H2 pH meter with a 
Beckman silver electrode, Serial No. 39261, was 
employed in the potentiometric method. The 
milk was acidified with 20 ml. of 10% (w/v) 
potassium aium; and agitation was accomplished 
with a mechanically driven glass stirring rod. 

Operator repeatability is shown (Table 1) 
for each method. Standard inter-class correla- 
tion procedures were used; estimates repre- 
sented the correlation between duplicate indi- 
vidual-cow milk samples. Although repeata- 
bility of the potentiometric method was higher 
with four of five operators, and with over-all 
(total), differences were extremely small and 
must be considered unimportant. Standard 
errors of estimate were 0.0057 and 0.0042. 

Although operators differed considerably in 
their previous experience with each method, 
these differences had no apparent effect on their 
abilities to make precise measurements. Results 
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TABLE 1 


Operator repeatability of two methods of 
estimating the chloride content of milk 


Direct Potentio- 
Operator* Samples titration metric 
(No.) (r) 

A 30 0.9962 0.9970 

B 30 0.9970 0.9987 

C 30 0.9934 0.9985 

D 30 0.9941 0.9987 

E 30 0.9948 0.9915 

Over-all 150 0.9948 0.9968 
Standard error of 

estimate 0.0057 0.0042 


“Mr. Roger Shultis, Mr. David Solger, and the 
authors. 


indicated that little could be gained by making 
duplicate determinations with either method 
for routine laboratory work. 

To establish the relationships between single 
determinations by each method, 271 composite 
(A.M. and P.M.) samples of normal, fresh, whole 
milk from Holstein, Jersey, and Guernsey cows 
in the Florida Agricultural Experiment Station 
herd were analyzed. These animals were of 
various ages and in various stages of lactation. 
Samples were collected in mid-December, 1959, 
and mid-January, 1960. Many cows were rep- 
resented twice. 

Multiple covariance techniques were employed 
to establish total and within breed-month rela- 
tionships and to test for curvilinearity of these 
relationships. Results are presented (Table 2). 


TABLE 2 
Chloride content of milk as determined by two 
methods 
Direct Potentio- 
Breed Samples titration metric 
(No.) (%) (%o) 
Holstein 61 0.147 0.108 
Jersey 154 0.128 0.089 
Guernsey 56 0.133 0.092 
Combined 271 0.135 0.095 
Standard deviation 0.020 0.019 
Correlations 
Total 0.919 
Within breed-month 0.915 


Marked differences in over-all means were 
noted. Breed differences were highly signifi- 
cant (P < 0.01) for both methods. Month dif- 
ferences (not shown) were not significant for 
the direct titration methoa, but were barely 
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significant (P < 0.05) for the potentiometric 
method. Total and within breed-month corre- 
lations were essentially the same. Variability 
within breed-month did not differ significantly 
between the two methods; standard deviations 
were 0.020 and 0.019. There was no evidence 
of a curvilinear relationship between values 
resulting from the two methods. Linear re- 
gressions of direct titration values on poten- 
tiometrie values were 0.955 and 0.960, on a total 
and within breed-month basis, respectively. 

Direct titration values (Mohr) could then 
be represented as: 

Y = 0.0438 + 0.960 X, 


where Y represents the predicted value, 0.0438 
the intercept, 0.960 the within breed-month re- 
gression coefficient, and X the potentiometric 
value. Since the endpoint for the direct titra- 
tion test may vary considerably among labora- 
tories, equation values also could vary. 

On the basis of these limited data, the two 
tests would appear to have about the same 
degree of sensitivity and to take about the 
same amount of time to run. There is less 
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chance of human error in the potentiometric 
method. All five operators agreed that the 
relative ease in detecting the endpoint by the 
potentiometric method is a point in its favor. 


D. H. Kieyn 

C. J. WiLcox 

W. A. KRIENKE 

Department of Dairy Science 
University of Florida 
Gainesville 
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OBSERVATIONS ON THE INFUSION OF PENICILLIN IN THE 
MAMMARY GLAND OF THE BOVINE 


Antibioties are generally administered to 
mastitis-infected animals via a solution or sus- 
pension manually infused into the infected quar- 
ter(s) of the udder. Current recommendations 
state that milk from antibiotie-treated cows 
should be discarded for 72 hr., or six milkings, 
after the last treatment. Questions have arisen 
concerning the possible presence or absence 
of antibiotics in the nontreated quarters fol- 
lowing treatment. 

Randall et al. (7) reported that milk from 
the untreated quarters of two cows showed the 
presence of chlortetracyeline (aureomyecin) and 
oxytetracycline (terramycin) following dosages 
of 426 and 852 mg. of each agent. Chlortetra- 
eycline persisted in the milk of the treated 
quarters for as long as 5 wk. and of the un- 
treated quarters for a period of five days fol- 
lowing treatment with the larger dosage levels. 
Following intramammary infusion of oxytetra- 
eycline ointment into two cows, the antibiotic 
could be detected in the milk from treated 
quarters for three to four days and from the 
untreated quarters for one day. 

A recent Ohio study, in which 11 cows were 
infused with either 100,000 or 200,000 units 
penicillin (oil and aqueous carriers) per quar- 
ter, showed penicillin present in 21 out of 22 
untreated quarters. All untreated quarters were 
negative for the presence of penicillin by 48 
hr. and there were only two positive untreated 
quarters at 36 hr. post-infusion (2). In an- 
other Ohio study, one cow that was infused 
with 150,000 units penicillin into the right rear 


and right front quarters shed detectable amounts 
of penicillin in all four quarters for as long as 
84 hr. (1). 

Shahani (8) used a green turquoise dye 
mixed with a penicillin in oil preparation in 
intramammary infusions for the visual detee- 
tion of the antibiotic in milk and found that 
neither the dye nor the antibiotic diffused from 
one quarter to another. He postulated that the 
dye formed a complex with the antibiotic. 

An udder infusion study was conducted with 
ten cows (seven Brown Swiss and three Hol- 
steins) in the University of Illinois dairy herd, 
to check the transfer of penicillin in aqueous 
solution and in oil suspensions in treated to 
untreated quarters. The group consisted of 
three mastitis-infeeted and seven normal cows 
as determined by the strip cup, California Mas- 
titis Test, direct microscopic examination (leu- 
cocytes and identification of bacteria) standard 
plate counts, and examination for clinical symp- 
tems. The cows represented various stages of 
lactation and production levels and averaged 
38 lb. milk/day curing the experimental period, 
with a range of 20-50 lb. milk/day. Each cow 
was checked and found to be negative for anti- 
bacterial substances contained in the milk, us- 
ing the Arret and Kirshbaum test (3). This 
precaution was taken because Hollister et al. 
(4) found that four of 49 cows showed anti- 
bacterial activity in the preinjection samples. 
None of their cows had been subjected to anti- 
bacterial therapy for at least 3 wk. prior to 
the beginning of their study. 
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Immediately following the milking prior to 
the testing period, ten cows were infused in 
the right rear quarter with 100,000 units pro- 
eaine penicillin G in oil suspension. Two weeks 
later the same ten cows were infused by the 
same veterinarian with 100,000 units procaine 
penicillin G in aqueous solution in the same 
quarter. All cows in both trials were milked 
with an individual quarter milker, to obtain 
a complete sample per quarter. Extreme care 
was exercised to completely rinse all equip- 
ment following the milking of each cow. The 
cows were milked with this unit until the milk 
was essentially antibiotic-free (96 hr. post-in- 
fusion). Milk samples were also taken directly 
from the teat as a check against possible con- 
tamination from sampling equipment. 

The approved Food and Drug Administration 
test for the detection of antibiotics in milk (3) 
was conducted on all individual quarter milk 
samples. Penase dises were used to confirm 
the presence of penicillin and avoid the possi- 
bility of false readings. 

As might be expected, the milk from infused 
quarters (aqueous and oil carriers) showed 
large zones of inhibition at 12 and at 24 hr. 
post-infusion. All of the cows treated with 
penicillin in oil were positive at 60 hr. follow- 
ing treatment. The milk from two of ten 
treated cows (oil carrier) was clear by 72 hr. 
and five of ten were clear by 96 hr. post- 
therapy. Unfortunately, samples were not ob- 
tained beyond the fourth day, in order to check 
how long the antibiotics persisted in the milk 
of the five remaining cows. It is not unusual 
to find milk positive for antibiotics beyond the 
recommended 72-hr. post-treatment milk dis- 
posal period (6). In the penicillin-in-water 
group the infused quartes of nine of ten cows 
were positive at 36 hy , three of ten at 48 hr., 
and one of ten at 60 hr. The milk from all 
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cows was free from penicillin by 72 hr. post- 
infusion. The migration of antibiotics to un- 
infused quarters was studied and reported in 
Table 1. 


Although many untreated quarters exhibited 
positive results, caution should be employed in 
interpreting the observations. The zones of 
inhibition of the milk from untreated quarters 
were quite small and questionable in some cases. 
One could assume and project that an equiva- 
lent amount of antibiotic-free milk added to 
the volume of milk contained from the posi- 
tive quarter(s) would result in negative read- 
ings, when the sensitivity of the test used in 
this experiment (.05 unit penicillin/milliliter 
of milk) is considered. This dilution would not 
effect proper bacterial action for making fer- 
mented dairy products. 


The fact that there was a greater penicillin 
migration in aqueous solution than in oil ve- 
hicles is also reported by Hueber et al. (5) 
and Ullberg et al. (9, 10). These workers 
stated that aqueous infusions are superior to 
ointments or oil suspensions in therapy, due to 
their greater spreading and penetration within 
the udder. 

The numbers are small, but it is noteworthy 
that the milk of two of three mastitic cows 
showed no transfer of penicillin from treated 
to untreated quarters. The milk from untreated 
quarters of one mastitie cow exhibited the 
presence of penicillin for 12 hr. post-treatment, 
with both aqueous and oil suspension. Cases 
reported by other authors of transfer of anti- 
biotics from treated to untreated quarters in- 
volved apparently normal cows, and severe 
eases of mastitis could give different results. 

These data indicate that penicillin is not 
necessarily localized following intramammary 
infusion. 


TABLE 1 


Presence of penicillin in untreated quarters after infusion* 


2. Aqueous solution 


1. Oil suspension 
1624 None” RF* and LF* for 12 hr. 
1452 None LF for 12 hr. 
1650° RF for 12 hr. RF for 12 hr. 
1611° RF for 12 hr., LF at 24 hr. RF for 12 hr. 
1620 None RF for 12 hr. 
1608 None RF for 12 hr. 
1249° None None 
1487 None RF and LF for 12 hr. 
1550 LF at 24 hr. RF for 12 hr. 


1652° None 


“Infusion rate, 100,000 units procaine penicillin G in the right rear quarter. 

»No detectable penicillin in the untreated quarters based on the Arret and Kirshbaum 
test (3). 

* Right front and left front quarter, respectively. 

“Right rear quarter reinfused 1 wk. later and the right front quarter was again positive 
for 12 hr. : 

* Cows infected with mastitis. 


None 
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COMPARISON OF RATES OF OXIDATION OF PROPIONATE-2-C™% 
BY LIVER SLICES FROM THE CALF AND MATURE BOVINE 


Investigations with the bovine and other 
ruminants have established (1, 2, 3) that the 
onset of rumen fermentation is associated with 
inereased blood levels of low molecular weight 
fatty acids which are available for metabolism. 
These increases have also been found to be 
related to various changes in the intermediary 
metabolism of ruminants (7, 8). Sander et al. 
(9) observed that the administration of sodium 
propionate or sodium butyrate to young calves 
caused development of the rumen mucosa. It 
has been suggested that certain metabolic 
changes, including the ability to metabolize the 
low molecular weight fatty acids, may result 
from the stimulus of their availability after 
the onset of rumen fermentation. To test this 
hypothesis, the rates of propionate oxidation 
by liver slices from nonruminating dairy calves 
2 to 3 wk. of age and mature, grade dairy 
cows were compared in vitro. Propionate oxi- 
dation was determined from the amount of 
C“O, produced during the metabolism of pro- 
pionate-2-C™ by the tissue slices. Two hundred 
milligrams of slices prepared from fresh liver 
samples from each animal were incubated in 
2.5 ml. of Krebs-Ringer phosphate buffer, pH 
7.0, containing 200 »M of phosphate, 20 »M 
of KHCO,, and 10 »M (0.5 pe.) of sodium pro- 
pionate-2-C™“. Twenty-five-milliliter Erlenmeyer 
flasks equipped with center wells containing 
a pleated piece of filter paper were used for 
the incubation. Following the addition of the 


reaction components and slices, the flasks were 
sealed with serum bottle stoppers to prevent 
the eseape of C“O.. Ineubations were carried 
out for 0, 1, or 2 hr. with shaking at 37° C. 
At the end of the reaction periods, 10% NaOH 
was introduced into the center wells by injec- 
tion through the stoppers with a hypodermic 
syringe. Sulfuric acid (20 N) was similarly 
introduced into the incubation mixture to termi- 
nate the reaction and release C“O,.. The flasks 
were then shaken for 1 hr. at 60° C. to insure 
complete absorption of CO. by the alkali. 
After dilution of the center well contents, ali- 
quots were taken for the precipitation of 
C“O; as BaC“O;, according to the method of 
Van Slyke et al. (10), and counted using a gas 
flow counter. 

Since it had been demonstrated (4, 5, 6) 
that the major pathway of propionate metabo- 
lism in animal tissues involves carboxylation 
to form methylmalonyl coenzyme A, followed 
by isomerization to succinyl coenzyme A, an 
investigation of the ability of liver tissue from 
both groups of animals to oxidize succinate 
was conducted using Warburg respirometers. 
The rates of endogenous respiration and sue- 
cinate oxidation by liver homogenates from 
young dairy calves and mature dairy cows were 
found to be essentially the same. These ob- 
servations indicate that liver tissue from the 
two groups of animals possess equal abilities 
to carry out Krebs cycle reactions and, hence, 
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the terminal steps in propionate oxidation. 
From the data presented in Table 1, it is 


TABLE 1 


Propionate-2-C oxidation by liver slices from 
young calves and mature cows 


Propionate-2-C* 


oxidized” 
Ineu- No.of 
bation ani- Mature 
time mals* Calves cows 
(hr.) (uM ) 
1 5 -125 + .070 19 
2 3 .294 + .081 .263 + .115 


“ Determinations conducted in duplicate for each 
animal, 
» Average values per 50 mg. of tissue dry weight. 


apparent that liver slices from young dairy 
calves were capable of oxidizing propionate at 
comparable rates to liver slices from mature 
dairy cows. None of the differences between 
groups of animals were statistically significantly 
different. It seems likely, therefore, that the 
ability to oxidize propionate is not an adaptive 
process but rather a constitutive one in the 
bovine. 
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INTERPRETIVE SUMMARIES OF PAPERS 


LABORATORY STUDIES ON HIGH TEMPERATURE-SHORT TIME 
STERILIZED EVAPORATED MILK. I. EASILY CONSTRUCTED 
ECCENTRIC FALLING BALL TYPE BOMB MICROVIS- 
COMETERS SUITABLE FOR CONTAINING BIOLOGICAL 
MATERIALS DURING STERILIZATION AND STORAGE 


ABRAHAM LEVITON anp M. J. PALLANSCH 


Dairy Products Laboratory, Eastern Utilization Research and Development Division, 
USDA, Washington 25, D. C. 


A microviscometric technique has been developed for the purpose of facili- 
tating laboratory studies on high temperature-short time sterilized evaporated 
milk. Hitherto, such studies have been limited to investigations on a_ pilot 
plant or plant scale. The technique is based on th eemployment of a simple 
eccentric falling ball type bomb microviscometer. This instrument lends itself 
to easy construction in large numbers and provides a chamber for containing 
milk during high temperature-short time sterilization. Viscosity measurements 
may be made on a single sample, with minimum disturbance of the sample, 
before and after sterilization and during storage. Thus, the changes in rheo- 
logical properties of the sample may be followed up to the point at which 
coagulation or gelation becomes evident. Because the technique is one which 
may have a broad biological application, the construction and operation of the 
microviscometer is described in a general way, disregarding for the moment 
the important specific application to studies on high temperature—short time 
sterilized evaporated milk. 


FORMATION OF A FAT PROTEIN COMPLEX IN MILK 
BY HOMOGENIZATION 


K. K. FOX, VIRGINIA H. HOLSINGER, JEANNE CAHA, anp M. J. PALLANSCH 


Dairy Products Laboratory, Eastern Utilization Research and Development Division, USDA 
Washington, D. C. 


At the usual homogenizing pressures of 2,000-2,500 p.s.i. the fat phase of 
milk is finely dispersed and does not readily rise in the skimmilk medium. 
However, the fat can be almost 100% recovered by flotation if the centrifugal 
force is sufficiently increased. In the production of foam-dried whole milk 
powder, milk is concentrated to 50% T.S. and homogenized at 4,000 p.s.i. It 
was observed that the sediment obtained by centrifuging a reconstituted sample 
of this milk contained a considerable amount of fat. Since the density of milk 
fat is less than that of the skimmilk in which it is dispersed, the sedimenting 
of milk fat could only mean that it was tightly associated with some milk 
component of much greater density. 

Experiment showed that fat-protein complexes which sediment increased 
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in amount with increasing homogenizing pressure ; with increasing fat content; 
with increase in concentration above 31% T.S.; and with increasing calcium 
ion concentration up to a limit of 10 mM added calcium. 

Analysis of the protein associated with the sedimenting fat shows that it is 
casein. Experiments to determine the manner in which the fat-protein complex 
is formed indicate that conditions existing at the homogenizer valve at the 
instant of homogenizing are responsible for the formation of the fat-protein 
complex. 


THE SOLUBILITY IN AQUEOUS UREA SOLUTIONS OF THE 
MICELLAR CASEINATES OF MILK AND MILK 
PRODUCTS SUBJECTED TO VARIOUS 
STERILIZING HEAT TREATMENTS 


HARRISON S. HALLER anp MICHAEL J. PALLANSCH 


Dairy Products Laboratory, Eastern Utilization Research and Development Division, USDA 
Washington, D. C. 


Heat sterilization produces a number of undesirable organoleptic and phys- 
ical changes in milk products, some of the most important of these being due 
to the heat modification of the milk proteins. Much work has been done on 
the changes produced in soluble whey proteins but little on the casein micellar 
fraction. 

Because of a possible correlation between gelling in concentrated heated 
dairy products, and heat effects on the casein micelles, work was conducted on 
the solubility in 3.3 M aqueous urea solutions of the dry caseinates removed 
by centrifugation from milks with different heat treatments. 

The results show decreased solubility of the caseinates, with increased heat 
treatment, presence of fat, and increased solids content. High-temperature— 
short-time methods of sterilization generally produce less change than does 
the conventional method, and the presence of added citrate and phosphate ions 
increases the solubility of the high-heat-treated caseinates. 

An electrophoretically unique heat-produced protein component concentrates 
in the urea-insoluble fraction and probably contributes most of the tendency 
of the casein fraction to become insoluble in aqueous urea with heat treatment. 


ANALYSIS FOR CITRIC ACID IN PRESENCE OF CASEIN 


J. R. MARIER anp M. BOULET 
Division of Applied Biology, National Research Council, Ottawa, Canada 


Further details regarding analysis of citric acid in the presence of casein 
are reported, using a method previously published in the JourNAL or Dairy 
Science (December, 1958). The slight cloudiness that occurred in analysis of 
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normal milk introduced a maximum 2.5% error in the determination; how- 
ever, with redissolved caseins, the error could be as high as 175%. Casein 
turbidity could be prevented by adding alkali to the test (i.e., pH above 12.3). 

Acid casein required seven treatments in fresh washing solution (pH 4.5) 
to liberate trapped citrate, lactose, and calcium. Using a thoroughly washed 
casein, adsorption of citric acid (e.g., binding at the polar groups on the 
surface of casein particles) was shown to occur. This adsorption accounts for 
the lower citrate concentration measured in acid sera, after removal of the 
casein. 


COAGULATION OF MILK FOR CHEESE MAKING 
BY ESTER HYDROLYSIS 


D. D. DEANE anp E. G. HAMMOND 
Dairy and Food Industry Department, Iowa State University, Ames 


The development of acidity in milk with lactic starter culture is the source 
of many problems in the manufacture of cheese, and restricts the conditions 
that may be used. These difficulties might be avoided if the milk could be 
acidified in some other manner. The direct addition of acid to the milk is 
undesirable, because it causes local precipitation of the casein, and the stirring . 
necessary to mix the acid with the milk causes the formation of a precipitate 
rather than a smooth coagulum that is needed in Cottage Cheese manufacture. 

One solution to the problem is to add to the milk a neutral compound which 
will be converted to an acid after it is dissolved in the milk. A number of 
possible compounds were tested and p-glucono-delta-lactone and meso-lactide 
were found to give excellent results. These compounds are cyclic esters which 
slowly hydrolyze in the presence of water to form gluconic acid and lactyl- 
lactic acid, respectively. 

These compounds were used to make Cottage Cheese on a laboratory and 
pilot plant seale with fluid skimmilk and reconstituted nonfat dry milk solids. 
The cheese prepared had a pleasant, bland flavor. For a more flavorful cheese, 
starter distillate could be added or the creaming mixture could be inoculated 
with a suitable lactic culture. 

The time required to coagulate the milk could be reduced considerably 
over that required for lactic starter cultures. In general, the higher the tem- 
perature the more rapidly the acid developed. Lactide also hydrolyzes faster 
than glucono-delta-lactone. However, the temperature can not be raised above 
about 37° C., for curd obtained at higher temperatures lost whey and matted 
so quickly that it could not be handled by the usual procedures. A small 
amount of rennet also reduced the time required to coagulate the milk. 

The present process may have some commercial utility. However, it does 
not appear that the savings in time, labor, equipment, and culture will entirely 
make up for the cost of the acidogen. The process is not affected by antibiotic 
and bacteriophage, and it makes possible the manufacture of Cottage Cheese in 
remote areas from dry ingredients. The use of acidogens gives a more repro- 
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ducible production of acid than starter cultures, and this makes the present 
process more adaptable to mechanized cheese making. This technique also 
shows much promise in studying the effect of various factors on the ripening 
of cheese. 


THE EFFECT OF CHANGING THE FAT AND NONFAT 
SOLIDS IN MILK 


SAHIBZADA SHEIKH WAHID-UL-HAMID 
Inside Taxali Gate, Lahore, West Pakistan 


AND 


L. J. MANUS 
Department of Dairy Science, Washington State University, Pullman 


When this study was begun, a large surplus of nonfat solids (NFS) was 
available. Movement of surplus NFS into human food channels by standard- 
izing fluid milk to definite levels of NFS and fat seemed to be a reasonable 
solution to the problem, as well as resulting in milks with more uniform nutritive 
value. 

To test consumer acceptability, milks standardized to 2, 3, and 4% fat and 
12, 13, 14, and 15% total solids (TS) were tasted by flavor panels of six 
experienced milk judges and 38 unexperienced judges. The flavor testing 
resulted in the selection of samples with compositions of 2-11, 3-11, 2-12, and 
3-12, where the first number represents per cent fat and the second NFS. These 
four samples were not readily distinguishable from each other flavorwise, and 
were preferred to those containing 4% fat. 

The samples containing 12% TS and the regular University homogenized 
milk tasted flat by comparison with the four samples. 

In the TS range of 13, 14, and 15% it appears possible to substitute 1% 
NFS for 1% fat without affecting the flavor. Standardizing milks to definite 
levels of both fat and NFS makes possible, (1) the standardizing of the nutritive 
value of unit volumes of milk, (2) removing NFS from and preventing NFS 
surpluses, and (3) improving flavor acceptability. 


PREDOMINANT BACTERIA IN THE RUMEN OF CATTLE ON 
BLOAT-PROVOKING LADINO CLOVER PASTURE 


M. P. BRYANT, B. F. BARRENTINE, J. F. SYKES, I. M. ROBINSON, C. V. SHAWVER, 
AnD L. W. WILLIAMS 


Animal Husbandry Research Division, ARS, Agricultural Research Center, 
Beltsville, Maryland, and Department of Animal Husbandry, 
Mississippi State University, State College 


Bloat is responsible for considerable economic losses in areas of the world 
where ruminants are grazed on pastures containing high proportions of legumes. 
It is now generally believed that entrapment of ruminal gases in a stable foam 
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which can not be eliminated is the main cause of bloat. However, little is 
known of the factors involved in the production of stable foam. Various ob- 
servations have suggested that the metabolic activities of ruminal bacteria are 
intimately involved in the etiology of bloat. 

In recent years a considerable amount of information has been obtained 
on methods of culturing and for the identification of bacterial groups functional 
in the rumen. 

The present study was undertaken to determine if differences could be found 
in bacterial groups cultured from the rumen of three bloating and three non- 
bloating steers fed on Ladino clover pasture. Studies on the bloaters were made 
before and after they were treated orally with 50 mg. of procaine penicillin to 
prevent bloat. 

There were no significant differences between animal groups in pH of 
ruminal contents, counts of cellulolytic bacteria, total anaerobic bacterial counts, 
or the occurrence of 11 presumptively identified bacterial groups. Counts of 
facultatively anaerobic streptococci were significantly depressed after penicillin 
treatment, but the numbers present were too small to make it seem possible 
that they were involved in the production of bloat. 

The results indicate that the occurrence of bloat in animals consuming 
Ladino clover is not related to large differences in the numbers or predominant 
species of ruminal microorganisms cultured 4 hr. after feeding. 

The microflora of these Ladino clover—fed steers differed somewhat from 
that usually found in animals fed roughage rations in that total anaerobic 
counts were high and the proportions of cellulolytic bacteria were very low. 
Three species of bacteria were present in much higher proportions of the total 
flora than are usual. Whether any of these peculiarities contribute to bloat is 
speculative, since the nonbloating as well as the bloating animals had them. 
It does seem probable that a very active flora suggested by the high cultural 
count is of significance. It is also possible that the high percentage of gas- 
producing species cultured is of significance. 


A COMPARISON OF THE ALL-GLASS, SEMIPERMEABLE MEMBRANE, 
AND CONTINUOUS FLOW TYPES OF APPARATUS FOR 
IN VITRO RUMEN FERMENTATIONS 


K. EL-SHAZLY, B. A. DEHORITY, anv R. R. JOHNSON 
Department of Animal Science, Ohio Agricultural Experiment Station, Wooster 


Several different types of apparatus have been suggested for in vitro rumen 
fermentation studies. The all-glass type of apparatus has been used for a 
number of years in this laboratory ; however, the effect of end-product accumu- 
lation upon the bacteria had not been studied in great detail. Because various 
investigators had obtained slightly different results with other types of in vitro 
rumen fermentation apparatus, it was thought that a comparison of these 
apparatuses would be of interest for continued work. The all-glass, the semi- 
permeable membrane, and a semipermeable membrane suspended in a continuous 
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flow of mineral mixture were the three types of apparatus chosen for this 
comparison study.. 

Using cellulose digestion, volatile fatty acid production and ammonia nitro- 
gen production (for hay samples only) as criteria, no major differences were 
found between the different types of apparatus. In addition, microscopic ex- 
amination revealed little difference between the types of apparatus as far as 
propagation of the various bacteria was concerned. 

The results of this study indicate that the accumulation of end products 
is without marked effect on the criteria examined. On this basis, the authors 
would recommend the all-glass apparatus, because of its simplicity. 


A THEORETICAL RUMEN FERMENTATION BALANCE 


MEYER J. WOLIN 
Department of Dairy Science, University of Illinois, Urbana 


There is a large amount of information available concerning the importance 
of rumen microorganisms in the digestion of foodstuffs by ruminants. The 
dietary carbohydrates are converted by these microorganisms, by a fermentation 
process, into short-chain volatile fatty acids, methane, and carbon dioxide. The 
short-chain volatile fatty acids produced in the rumen are absorbed by the 
blood and are utilized in the metabolism of the tissues of the ruminant. Methane 
and carbon dioxide are waste products of the fermentation. 

It would be useful to be able to describe the rumen fermentation in quanti- 
tative terms. The amounts of short-chain volatile fatty acids, methane, and 
carbon dioxide formed from a given amount of ingested carbohydrate are 
certainly important factors in determining the efficiency of a particular feeding 
situation. Unfortunately, these quantitative aspects of the rumen fermentation 
are difficult to measure experimentally. It is the purpose of this report to 
attempt to approximate these quantitative relationships by the use of a theo- 
retical chemical equation which represents the fermentation occurring in the 
rumen. 

The method of caleulating a theoretical equation for a given distribution of 
volatile fatty acids in rumen fluid is described. For a molar distribution of 
65 acetate : 20 propionate : 15 butyrate, the equation is: 

57.5 (CsHy20¢) — 65 acetate + 20 propionate + 15 butyrate + 60 CO, 
+ 35 CH, + 25 H20. 
Some experimental values are available which can be compared with the pre- 
dictions of the equation, such as the amount of methane produced per gram of 
digestible carbohydrate fed, the amount of volatile acids produced per gram 
of cellulose digested, and total methane production per day. 

Application of the balance is made to amplify the interpretation of experi- 
mental data concerned with variations in the molar distribution of fatty acids 
on various dietary regimes. It is proposed that the fermentation balance is 
useful for interpreting certain quantitative aspects of ruminant nutrition in 
terms of the quantitative aspects of the rumen microbial fermentation. 
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SOME EFFECTS OF A SUPPLEMENTARY CELLULASE 
PREPARATION ON FEED UTILIZATION BY RUMINANTS 


J. M. LEATHERWOOD, R. D. MOCHRIE, anp W. E. THOMAS 
Dairy Husbandry Section, Department of Animal Industry 
North Carolina Agricultural Experiment Station, Raleigh 


Cellulose, the chief structural material of plants utilized by cattle and sheep, 
is broken down by cellulase enzymes produced by the rumen microorganisms. 
The dependence of ruminants on symbiotic microorganisms for roughage utiliza- 
tion suggested that addition of a supplementary cellulase to the rumen might 
be beneficial either by increasing the rate or the completeness of cellulose break- 
down. 

Enzyme 19AP, a fungal cellulase preparation, when added to fresh rumen 
fluid greatly increased cellulase activity as measured by the change in viscosity 
of a cellulose-derivative solution. 

Thirty dairy calves were used to test the effect of Enzyme 19AP on feed 
utilization in a growth trial. One calf of each group of three served as a control 
and was fed a grain mixture and alfalfa hay or orchard grass hay. The two 
other calves in each trio were fed the same diet with 1 g. of enzyme 
via capsule or mixed in the grain mixture. The enzyme did not increase feed 
utilization as measured by average daily gain. 

The effect of Enzyme 19AP on digestibility of roughage diets by sheep was 
tested. Basal diets of orchard grass hay plus soybean meal and of alfalfa hay 
were fed in their natural state and autoclaved. The basal and autoclaved-basal 
diets were fed twice daily, with and without 500-mg. capsules of Enzyme 19AP 
prior to feeding. 

The enzyme did not affect digestibility of the ration constituents. Autoclav- 
ing destroyed the cellulase activity associated with the diets but did not affect 
cellulose digestion. However, dry matter and protein were digested less in the 
autoclaved diets. 

In these trials, the cellulase preparation, Enzyme 19AP, did not increase feed 
utilization. 


CORRECTION FOR HEMOLYSIS IN A PHOTOMETRIC METHOD FOR 
ASSAYING SULFOBROMOPHTHALEIN IN THE BLOOD OF 
CATTLE IN TESTS FOR HEPATIC FUNCTION 


R. R. ANDERSON anv J. P. MIXNER 


Department of Dairy Science 
New Jersey Agricultural Experiment Station, Sussex 


The liver is a vital organ of the body having many diverse functions. Of 
the many tests which have been designed to measure the level of activity of 
the liver, one is concerned with the rate at which the liver is able to remove a 
foreign dye, sulfobromophthalein, from the blood stream. For this test it is 
very necessary that one be able to measure accurately the amount of the dye 
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in the blood plasma, especially when hemoglobin from the red cells of the blood 
also is present in the plasma. This paper presents an improved method for 
the measurement of the quantity of sulfobromophthalein in blood plasma of 
cattle after the dye has been injected into the blood stream. It should greatly 
facilitate the rapid and accurate measurement of liver function in cattle. 


IMPROVED PHOTOMETRIC METHOD FOR ASSAYING 
PHENOLSULFONPHTHALEIN IN THE BLOOD 
OF CATTLE IN TESTS FOR RENAL 
FUNCTION 


R. R. ANDERSON anp J. P. MIXNER 


Department of Dairy Science 
New Jersey Agricultural Experiment Station, Sussex 


The proper functioning of the kidneys is necessary for animal health. In 
certain research problems it is necessary to measure the level of activity of 
the kidneys. This may be done by determining the rate at which a dye such 
as phenolsulfonphthalein accumulates in the urine after it is injected into the 
blood stream. In farm animals it is quite difficult and laborious to collect urine 
quantitatively. Consequently, one test for kidney function involves the measure- 
ment of the rate at which the dye phenosulfonphthalein declines in the blood 
stream after its injection into the blood stream. This paper is concerned with 
the improvement in the methods for the measurement of the quantity of 
phenolsulfonphthalein in the blood after its intravenous injection. 


INULIN RENAL CLEARANCE IN DAIRY CATTLE 


R. R. ANDERSON anp J. P. MIXNER 


Department of Dairy Science 
New Jersey Agricultural Experiment Station, Sussex 


Inulin is a complex carbohydrate material which, when injected into the 
blood stream of animals, is eliminated from the body by the kidneys in a char- 
acteristic manner. This paper describes a method whereby the determination 
of the rate at which inulin is removed from the blood stream by the kidneys 
is used as a measure of kidney function in cattle. One aspect of kidney function, 
namely, glomerular filtration rate, is measured by this procedure. The appli- 
cation of this method will be of value chiefly to laboratories of veterinary 
clinical medicine. 


EFFICIENCY OF ABSORPTION OF THYROXINE IN VARIOUS FORMS 
FROM THE GASTROINTESTINAL TRACTS OF LACTATING COWS 


J. P. MIXNER anv H. D. LENNON, JR. 


Department of Dairy Science 
New Jersey Agricultural Experiment Station, Sussex 


Previous reports in the literature have indicated that cows vary greatly in 
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their milk production responses to orally administered thyroidal materials. 
Such differences in response could be due both to differences in the efficiency 
with which animals absorb thyroidal materials from their digestive tracts and 
to differences in lactational response to given quantities of absorbed material. 
The present study was designed to determine if cows differed significantly in 
their abilities to absorb thyroidal materials from their gastrointestinal tracts, 
and thus possibly help to explain the basis for differences in lactational responses 
of cows fed thyroidal materials. 

A new physio-chemical procedure was developed for the purpose of deter- 
mining the efficiency of absorption of thyroxine from the digestive tracts of 
cows. This procedure was based on the comparative increase in the levels of 
blood plasma thyroxine (PBI) as caused by thyroxine intravenously adminis- 
tered and thyroidal materials fed to cows. This procedure was judged to be 
a very satisfactory one. 

In 13 lactating cows, the average efficiency of absorption of thyroxine from 
thyroprotein (containing 1.06% .L-thyroxine) was 13.0%, with a range from 
7.7 to 22.4%. Differences among animals were highly significant. 

In five lactating cows the efficiency of absorption of crystalline L-thyroxine 
was 11.6% (range 4.5 to 18.4%), whereas that of thyroxine in porcine thyro- 
globulin (extract of thyroid gland) was 15.9% (range 6.5 to 25.6%). Again, 
animal differences were highly significant. 

The ability of cows to absorb thyroxine from their digestive tracts may be 
a significant cause of animal variation in their lactational responses to orally 
administered thyroidal materials. 


HERITABILITIES OF SOME TYPE APPRAISAL TRAITS AND THEIR 
GENETIC AND PHENOTYPIC CORRELATIONS 
WITH PRODUCTION 


G. V. O’BLENESS, L. D. VAN VLECK, anp C. R. HENDERSON 
Department of Animal Husbandry 
Cornell University, Ithaca, New York 


A type appraisal scheme was subjected to an extensive study to evaluate 
the importance of the various traits measured. If these traits are to be useful 
in selecting for milk production they must be correlated with production. 

Heritability estimates were obtained for 27 type appraisal traits as were 
their genotypic and phenotypic correlations with production. Heritability 
estimates for the type traits were quite variable, ranging from 0.33 for depth 
of barrel to 0.00 for udder shape. The phenotypic correlations of these traits 
with production were small. 

Selection indexes for breeding value of milk production were computed, 
utilizing seven variables having the highest estimates of heritability and phe- 
notypie correlation with production. It was found that combining type appraisal 
traits into selection indexes added little to the accuracy of predicting production 
if production information is available. 
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EFFECT OF PROMAZINE HYDROCHLORIDE AND CHLORPROMAZINE 
HYDROCHLORIDE ON THE MOTILITY AND FERTILITY OF 
BOVINE SEMEN 


R. H. FOOTE anp LINDA C. GRAY 
Department of Animal Husbandry, Cornell University, Ithaca, New York 


The consumption of tranquilizing drugs has increased at a phenomenal rate 
during the past few years. While their sedative effects are being widely studied, 
little is known about their effect on reproduction. One report indicates that a 
tranquilizer, such as chlorpromazine, behaves as a surface-active agent, and 
interferes with the metabolism and survival of ram spermatozoa. Other reports 
suggest that this drug may depress cellular metabolism. The latter effect might 
be useful in prolonging the survival of spermatozoa in vitro. In view of the 
widespread use of tranquilizers, and the limited information available on their 
effects on reproductive cells, a study of the effects of promazine hydrochloride 
and chlorpromazine hydrochloride was undertaken. 

These drugs first were added to bull semen in levels ranging from 0 to 2,000 
pg. per milliliter of a 20% egg yolk semen extender. The highest levels of both - 
drugs tested were spermicidal, and none of the levels of promazine hydro- 
chloride improved sperm survival. However, sperm survival was prolonged by 
the replacement of sulfanilamide with 200 yg. per milliliter of chlorpromazine 
hydrochloride in the CU-16 type of egg yolk extender. The same drug was 
spermicidal at the 200-ug. level when added to 50% yolk-citrate-sulfanilamide 
and skimmilk extenders. 

The fertility of semen extended with a 20% egg yolk—citrate-glucose-glycine 
extender containing chlorpromazine gave slightly higher fertility results than 
a 50% egg yolk-citrate-sulfanilamide control extender. However, when it was 
compared with the standard sulfanilamide-containing CU-16 and CUE ex- 
tenders there was no difference in fertility. Therefore, it appears that chlor- 
promazine hydrochloride, as tested, was not harmful to the fertility of bull 
semen; neither was the slight improvement in sperm survival with this drug 
accompanied by any improvement in fertility. 


CORRELATION AND RELATIVE PRECISION OF TWO METHODS OF 
MEASURING THE CHLORIDE CONTENT OF MILK 


D. H. KLEYN, C. J. WILCOX, anp W. A. KRIENKE 
Department of Dairy Science, University of Florida, Gainesville 


A new method of measuring chloride content of milk, based on the potential 
of a silver electrode, has just been reported. The objectives of this investiga- 
tion were to compare the relative precision of the new method with that of an 
accepted method (Mohr), and to establish the relationship of values resulting 
from each method. 

Repeatability of duplicate samples was greater than 0.99 for both methods, 
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indicating that little or no difference in precision existed and that single deter- 
minations by either method were adequate for routine laboratory work. 

Single determinations by each method on the same milk sample were highly 
correlated (0.92), and relationships were linear. An equation for predicting 
Mohr values from potentiometric values was presented, but since the end point 
for the Mohr test may vary considerably between laboratories, it should be used 
on other data with considerable reservation. 


COMPARISON OF RATES OF OXIDATION OF PROPIONATE-2-C™ BY 
LIVER SLICES FROM THE CALF AND MATURE BOVINE 


J. E. JEFFREY anp M. D. LANE 
Department of Biochemistry and Nutrition, Virginia Polytechnic Institute, Blacksburg 


The onset of rumen fermentation is associated with a marked increase in 
the production of the low molecular weight fatty acids in the rumen. The 
presence of certain of these acids stimulates the development of the rumen 
mucosa. The present investigation was conducted to determine whether the 
ability to metabolize the low molecular weight fatty acids results from the 
stimulus of their availability after the onset of rumen fermentation. It was 
observed that liver slices from young dairy calves were capable of oxidizing 
propionate-2-C'* and succinate at rates equal to those of liver slices from mature 
dairy cows. It appears, therefore, that the ability to oxidize propionate is not 
an adaptive process but rather a constitutive one. 
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SYMPOSIUM: MILK SOLIDS-NOT-FAT' 
INTRODUCTORY REMARKS 


GrorGE W. TRIMBERGER, Chairman 
Department of Animal Husbandry, Cornell University, Ithaca, New York 


In pioneer days, our ancestors worked hard 
to perform endless manual chores, and ate 
heartily to give their bodies strength and 
energy. During that generation people were 
lean and hungry. They counted calories to get 
more meat on their bones. In later generations, 
those who grew fat from soft living and over- 
eating shortened their life span. 


Today we are fat conscious and count cal- 
ories to keep fat off our bodies. Partly respon- 
sible for this complete reversal of attitude is 
the fact that we do not walk as much or do as 
much manual work as our forebears did. Labor- 
saving devices, new techniques, and machinery 
now provide a considerable amount of the 
energy once furnished by the human body. 

When the Agricultural Research Service 
listed items of priority for research this year, 
human nutrition was first and genetics involved 
in animal breeding and improvement was 
second. It should be noted that this includes 
research on solids-not-fat and protein in milk. 
Those interested in this field have a sound 
basis for justifying financial support for their 
research programs. 

Some of you may have noted an advertise- 
ment in a recent magazine of national prom- 
inence. This advertisement guaranteed a 
cereal that contained fewer calories per bow] 
than any other brand. This means the company 
was selling their product on the basis of what 


‘Papers presented at the symposium on Milk 
Solids-Not-Fat at the 55th Annual Meeting of the 
American Dairy Science Association, Utah State 
University, Logan, June 19-22, 1960. 


it did not contain as far as calories were con- 
cerned. We frequently hear statements such 
as this from housewives: “When I shop I 
choose the low-calorie foods and beverages.” 
This is a new pattern, and milk salesmen must 
recognize this to keep milk in its rightful 
place in the human diet. Thus there should be 
much more emphasis on the protein and solids- 
not-fat content of milk. If this is done, the 
peculiar trend we experience today can be of 
a great advantage for milk protein constituents 
so essential in the human diet. These ingred- 
ients become of increasing importance in par- 
tially restricted food intakes. 

It is generally recognized that the dairy 
production people are just a trifle late in get- 
ting their program under way. For example, 
in Holland where the calorie counters are iar 
less nu:nerous than in America, milk is now 
solid on the basis of both protein and fat 
content. They are equipped to test more than 
5,000 samples of milk for protein content in 
one day by a staff of seven persons. The lab- 
oratory has a capacity of 15,000 samples a day. 

The topies to be presented on the symposium 
by Dr. B. L. Herrington, Cornell University - 
Dr. J. EK. Legates, North Carolina State College ; 
Dr. S. N. Gaunt, University of Massachusetts; 
and Dr. R. E. Erb, State College of Washington 
should provide us with the opportunity to 
modernize our appreciation of this field. The 
achievements and background evaluation 
summarized for each man participating on the 
symposium will not be repeated. It is of special 
value to have these papers published in the 
Journal of Dairy Science. 


TESTING METHODS AND MARKETING ASPECTS OF 
PROTEIN VS. SOLIDS-NOT-FAT 


B. L. Herrington 
Department of Dairy Industry, Cornell University, Ithaca, New York 


CHANGING TIMES 


Students are sometimes told that changes 
are natural and inevitable—that we should not 
consider change as a calamity but as an oppor- 
tunity. Changes may become calamities for 
those who oppose them, but they present op- 
portunities for those who look ahead and pre- 
pare for them. All this can be illustrated with 
examples. 

The Dairy Industry has experienced many 
changes. Let us examine one change which is 
occurring now, and consider what adjust- 


ments should be made to profit by the oppor- 
tunity it offers. What should we do when 
people put skimmilk instead of cream on the 
dining table? The per capita consumption of 
cream has decreased 30% in the last 15 yr. 
The consumption of skim is increasing rapidly. 
Everybody does not yet have a chance to buy 
skimmilk but, in the women’s dormitories at 
Cornell University, the future housewives can 
choose between half-pint cartons of white 
milk, chocolate milk, or skimmilk. This was 
their choice during May of 1960: white milk 
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67%, chocolate milk 3.9%, skimmilk 29.1%. 

Our grandparents prized milk chiefly for its 
fat content. Milk was converted to cream or 
butter before it went to market. In those days, 
skimmilk had no commercial value. It was 
good only for pigs and chickens. Fat was 
king of the market place. 

This facet was generally accepted that it 
became part of our language. We are all 
familiar with such expressions as The cream 
of the crop, The fat of the land. We know 
that rich foods are high in fat content and 
in calories. To skim a book means to select 
only the best parts and skip the rest. Skimmilk 
became a term of contempt. 

But times have changed. People are on re- 
ducing diets. Ice milk is displacing ice cream. 
The per capita consumption of butter has de- 
ereased by half. Skimmilk has become 
respectable and is on the front row in display 
eases. It commands a price only a little lower 
than that of whole milk. In fact, its price per 
pound of food solids may be higher than that 
of whole milk. Huge amounts of dried skim- 
milk are now used for human food. Cottage 
Cheese is one of our most important products. 
Even the producers of Golden Guernsey Milk 
are becoming apologetic. Some of them remove 
part of the fat, reducing the test to 2%, and 
sell it as Golden Gold Milk. 

Changes are here to stay, at least during 
the near future, which is of greatest concern 
to us. We must not ignore these changes; we 
should study them to see what changes we can 
make which will be most profitable under these 
new conditions. 

One of the most obvious needs is to change 
the goal of our breeding program. Why strive 
to produce more milk fat when the public 
does not want more fat, and it is unwilling to 
pay the cost of its production? Let us strive 
instead to inerease production of those milk 
constituents which the consumer does want. 


PAYING FOR MILK 


In practice, this means that we must change 
the basis of payment for milk products. The 
commercial value of milk products is no longer 
determined by their fat content. This fact is 
most clear in the case of bottled skimmilk. It 
is also clear in the case of Cottage Cheese and 
milk powder. It is emphasized by the low 
demand for cream and butter. A realistic basis 
for payment must recognize the value of the 
nonfat milk constituents. We need a measure- 
ment which can be applied to all dairy prod- 
ucts, to skimmilk as well as to cream and 
whole milk. 

Two different plans have been proposed for 
measuring the value of skimmilk. One would 
base the price upon total solids content. This 
seems particularly good when the milk is to 
be dried, because the yield of milk powder is 
direetly related to solids content. This plan 
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does not seem so good to the cheese maker. 
He would prefer to pay on the basis of casein 
content, or protein content, because they are 
more directly related to yield of cheese. 

Payment for protein instead of solids would 
ignore the lactose content of milk, but lactose 
is of limited commercial value at present. 
There is very little market for it. Many 
cheese factories diseard large quantities of 
lactose in the whey. It may be a liability in- 
stead of an asset, because it can create a very 
serious waste disposal problem. At the present 
time, there is no good reason to encourage 
the production of more lactose. We can not 
use the vaiue of lactose to support an argu- 
ment favoring payment for total solids over 
payment for protein. We must look elsewhere 
for arguments in support of one plan over 
the other. 


Both plans have been used for payment on a 
limited seale. We might use both methods in 
the future, but this could cause much confu- 
sion and dissatisfaction which would be 
avoided if we could all agree to use the same 
method. 


Each method of payment, for protein and 
for total solids, has its own advantages. We 
should study all aspects of the problem before 
choosing one method over the other. We 
should recognize, for example, that the choice 
of method will influence the relative market 
values of milk of different breeds, and the 
herd associations will be concerned about this. 
We know in general the Guerney milk is richer 
than Holstein milk, but how much richer? 
That is an important question when you are 
buying or selling milk. 

According to the data of Overman et al. (15), 
Guernsey milk is 18% richer in terms of protein, 
but only 8% richer in terms of total solids. If 
we sold skimmilk powder according to protein 
content, Guernsey powder would be more valu- 
able by 9%. These are the facts of life. Should 
we demand a higher price for a product contain- 
ing 9% more protein, or should we sell both at 
the same price per pound? What does the 
farmer do when he buys feeds of different 
protein content? 

We might inquire what effect each plan 
would have upon the success of our breeding 
programs. It is obvious, of course, that in one 
case we would select for increased solids and in 
the other for increased protein. I suspect that 
the second might vield quicker results, because 
the goal would be more sharply defined and 
progress could be more accurately measured. 
The results of analyses for total solids might 
confuse the breeder, because a significant in- 
crease in one component of milk could be masked 
by a decrease in another. In effect, under a 
solids-not-fat program, the breeder would be 
working partially in the dark and progress 
might be slower than if he were selecting for 
protein alone. 
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EMPHASIZE PROTEIN 


We all have one big goal, to sell as much 
milk as posible to all consumers. May their 
numbers increase and their appetites, also. Is it 
possible that the method of payment may affect 
the sales of milk? At present, we think and talk 
in terms of fat content, but fat does not have 
the sales appeal that it used to have. Let’s stop 
talking about fat and talk about protein. The 
word protein has magical properties today. 
Home economists, nutrition experts, and ads 
in our newspapers and magazines all stress the 
importance of protein in the diet. Let us take 
advantage of all this free advertising. The 
meat packing industry has promoted the sale 
of meat by telling of the high quality of its 
protein. Cereal manufacturers are promoting 
special high-protein cereals. Bakers sell high- 
protein bread. Let us take advantage of this 
situation and stress the fact that dairy products 
are excelient sources of high quality protein. 
We can emphasize this fact by pricing according 
to protein content. At the same time we can 
take advantage of the fact that the customer is 
willing to pay a higher price for protein than 
for any other class of foodstuff. If you compare 
the price of steak with the price of bread and 
potatoes on one hand, or with lard and mar- 
garine on the other, you will see the advantages 
of classifying dairy products as protein foods 
in the mind of the consumer. 

Many people are buying skimmilk for table 
use. They believe it is rich in vitamins, miner- 
als, and proteins. We could tell them it is 
rich in nonfat dry milk solids, but I doubt 
if that would be a good sales argument. Let’s 
not mention nonfat dry milk solids at all. No 
salesman can get enthusiastic about such a 
mouthful of syllables. No housewife would 
stop to listen. No radio announcer zan speak 
the words nonfat dry milk solids with the 
same caressing accents he uses to say protein. 


ECONOMICS OF ANALYSIS 


Before deciding whether to pay on the basis 
of solids or protein, we should investigate the 
practical problem of analysis from the stand- 
point of cost, speed, and accuracy. First, we 
should recognize that we can not abandon the 
fat test as a factor in payment. A new test 
will add to present costs, not reduce them, but 
the cost of testing would be small and should 
have no effect upon the retail price of milk. 

Secondly, we do have a variety of methods 
available for both tests. They differ in speed 
and accuracy, in the initial cost of equipment, 
and in the cost of operation, but it is possible 
to use either method of testing. I have heard 
a few reports of manufacturing plants in this 
country which used solids as a basis for pay- 
ment. It is well known that, in Holland, pay- 
ments have been based on protein tests since 
1957 (16). One central laboratory is able to 
make 10,000 protein tests per day (18). 
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I would like to review some of the methods 
which might be used for testing, and point out 
some of the problems involved. These problems 
need not be insurmountable, but they do deserve 
attention. 

PROBLEMS OF ANALYSIS 

Drying, with or without vacuum, is the most 
obvious way to determine total solids. It seems 
simple, but is is well known that different lab- 
oratories have difficulty in checking each other. 
The time and temperature, the size of sample, 
and size of dish must be standardized if repro- 
ducible results are to be obtained. The technique 
of weighing is important because evaporation 
from the dishes, and creaming in the pipette, 
can cause errors. 

Assuming that the details of technique can 
be standardized so that reproducible results 
are obtained, we have a more difficult question 
to answer. Are these results right? Are they 
too high or too low? In one sense, the answers 
are unimportant. If we all agree to buy and 
sell on the basis of one standard test, it does 
not matter whether the test is right or wrong, 
so long as the results are reproducible. If we 
do not agree upon a single test, if we use two 
or more different methods, then we must face 
the question of which one is right. 

This may be impossible to determine. It 
requires a definition of the term total solids. 
I might define total solids as the sum of the 
weights of the individual components of milk, 
but this is not enough. Should the lactose be 
weighed as anhydrous beta lactose, as hydrated 
alpha lactose, or as something else? This is an 
important point, beeause it can change the 
solids content of milk by more than 0.2%. 
Which value is correct? 

In practice, it is not easy to determine what 
we are measuring. Sometimes the lactose may 
not erystallize during drying. It can remain as 
a glassy material which gives up most cf its 
water rather quickly (5, 9). Sometimes the 
lactose does erystallize and it is possible to get 
either alpha hydrate or beta anhydride. In 
practice, you are likely to get a mixture. The 
alpha hydrate crystals are very difficult to 
dry (5). We must learn how to control the 
physical state of the lactose before we can de- 
termine the solids of milk with accuracy. 

There is another source of error in drying 
methods which is hard to evaluate. When lactose 
is heated with protein, a reaction takes place 
between them. The product is colored, it is 
nearly insoluble, and it weighs less than the 
starting materials. This loss in. weight in a 
Mojonnier solids determination may lower the 
solids value by 0.25%. At present, I do not 
know how to prevent this reaction or how to 
correct for it. It can be reduced by drying at 
a lower temperature, but that raises other com- 
plications. 


There are other methods of determining total 
solids, but these other methods are calibrated 
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by a drying test of some kind. They inherit 
all of the errors of the drying methods and 
they have some new errors of their own. 

For example, many people have tried to cal- 
culate solids-not-fat from the lactometer reading 
and the fat test. Dozens of equations have been 
developed, giving dozens of different answers 
(10). Since only one answer can be correct, 
we must look for sources of error. Some were 
inherited from the drying test, but the lactom- 
eter test has errors of its own. The calibration 
of the instrument may be in error. The temper- 
ature may be wrong. The fat may be liquid 
when it should be solid, it may be solid when 
it should be liquid. These factors are under the 
control of the operator, but some sources of 
error are not. 

For example, surface tension tends to pull 
the stem of the lactometer down into the milk. 
This force is variable. In rancid samples the 
surface tension may be lowered by 10 dynes. 
This can change the Quevenne reading by 0.3°. 
When using very sensitive lactometers having 
a stem of small diameter and a large bulb, var- 
iations in surface tension have less effect upon 
the reading. 

Secondly, the lactometer equations assume 
that the density of the fat and the density of 
the solids-not-fat are the same in all milks. 
Unfortunately, this is not true. When lactom- 
eter readings are made at 60° F., the density 
of the fat in the same sample of milk can 
change as much as 2%, depending upon the 
time allowed for crystallization of the fat. 
Modern procedures avoid this by using a higher 
temperature to insure that the fat will be liquid. 
If that is done, the density of milk fat at a 
given temperature is reasonably uniform in 
different milks. This is not true of the solids- 
not-fat. In particular, variations in the ratio 
of protein to lactose cause trouble because the 
density of lactose is about 20% greater than 
that of protein (25, 26). What is much more 
important is this: The difference in density 
between lactose and water is 80% greater than 
the difference in density between protein and 
water. For this reason, variations in the ratio 
of protein to lactose have relatively great effects 
on the Quevenne reading. This source of error 
is particularly serious when tests are made on 
the milk of individual cows where the variation 
in ratio may be rather large. 

The density of milk may be measured by 
other instruments, but they are subject to all 
these errors except those due to surface tension. 
The development of plastic balls of different 
density, but with the same thermal expansion 
as water, is an ingenious solution to the problem 
of temperature control (7). These balls differ 
in density by 1° Quevenne. In spite of this, 
it is reported that solids-not-fat determined 
with the balls is practically as accurate as values 
determined with a lactometer (6). We may 
judge from this that variations in density of 
the solids are so great that we gain no accuracy 


by reading fractions of a degree Quevenne. 
Since 1° Q. represents about 0.25% of solids- 
not-fat, this may be the limit of accuracy of 
such measurements. 

It has been proposed that the density of milk 
be determined by the rate of fall of drops of 
milk through a liquid of known density (3). 
Such a method might be very rapid, but it 
introduces new sources of error without elim- 
inating any of the old ones. 

It has been proposed that solids might be 
determined by titration with an oxidizing agent 
(12). Some are skeptical about the possibilities 
of this method; I am one of them, but I do 
reserve the right to change my mind. 

Lactometry methods have been studied widely 
because they offer promise of greater speed than 
the drying methods. More samples can be tested 
per man-hour. But this is not necessarily true 
when large numbers of samples must be tested. 
A number of efforts have been made to speed 
up the drying tests. For example, Swedish 
workers have mechanized the whole drying 
operation so that one operator can run 700 
samples per day (4). This is much faster than 
any lactometer method, and mechanization 
should result in greater reproducibility of re- 
sults. In this respect, the Swedish method is 
said to be better than the procedure of the 
Association of Official Agricultural Chemists. 

If we choose to determine protein instead of 
solids-not-fat, we have many methods to choose 
from. By general agreement, the Kjeldahl 
method is considered the standard. It is capable 
of a high degree of accuracy but that accuracy 
is not always realized. In particular, the com- 
plete digestion of casein requires a number of 
hours of boiling with sulfurie acid and this is 
sometimes cut short. Furthermore, we should 
recognize that the Kjeldahl test is really a test 
for nitrogen, not a test for protein. In the case 
of milk, about 5% of the nitrogen is present in 
nonprotein form. Some analysts correct for 
this but all do not. 

The reliability of the Kjeldahl procedure is 
based upon two facts. First, we can determine 
nitrogen with accuracy; secondly, each of the 
major proteins of milk has almost the same 
nitrogen content. Normal changes in the relative 
amounts of the different proteins in milk do 
not seriously affect the accuracy of the Kjeldahl 
determination. 

Because the standard Kjeldahl procedure is 
slow, people have tried to develop faster modi- 
fieations of it. For example, the final distillation 
and titration of ammonia can be replaced by a 
color test with some loss of accuracy but a con- 
siderable saving of time (19). 

Of all these quick Kjeidahl methods, the 
Kofranyi method is today the most important 
(11). It eliminates the initial digestion with 
sulfurie acid entirely. The sample is distilled 
with alkali plus enough barium chloride to pre- 
vent foaming. Only a fraction of the nitrogen 
is recovered but, under carefully standardized 
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conditions, this fraction is quite reproducible. 
Many people have compared the Kofranyi pro- 
cedure with the standard Kjeldahl method and 
it is considered one of the most reliable of the 
shorter methods. The Kofranyi method was 
adopted in Holland in 1957 when they first 
began to use the protein test as a basis for 
payment (17). 

Many other methods have been proposed to 
determine protein, ranging from very simple 
to complex. For example, in the presence of 
excess ammonia milk becomes viscous, and we 
can estimate protein from the increase in vis- 
eosity of the mixture (1). 

We can estimate casein from measurements 
of refractive index. Two procedures have been 
proposed. We can separate the casein from 
the milk and measure the refractive index of 
the purified casein solution (2) or, we can 
measure the refractive index of the milk before 
and after the casein is precipitated (8). We 
must remove the fat by centrifuging, in order 
to get distinct readings, but the method has 
promise. However, the differences in refractive 
index to be measured are small. A sensitive 
instrument is required and temperature control 
is important. 

Most proteins absorb ultraviolet light near 
a wave length of 280 my. This fact can be used 
to measure protein with a spectrophotometer. 
Of course, quartz cells and optics must be used 
at this wave length. The absorption is actually 
due to the ring structures in the amino acids, 
tyrosin, phenyl alanin, and tryptophane. Un- 
fortunately, the different proteins of milk differ 
a great deal in composition, their absorbing 
power for ultraviolet light varies over a 3 to 1 
ratio and, for this reason, the method does not 
seem suitable for the mixed proteins of milk. 

It is well known that proteins are stained 
yellow by treatment with concentrated nitric 
acid. It has been proposed that this reaction 
might be used as the basis for a colorimetric 
test using visible light. However, the yellow 
color is formed by reaction of nitric acid with 
the same amino acids which absorb in the ultra- 
violet. The method has the same disadvantages 
as the direct measurement of 280 mmuy., and it 
does not seem suitable for milk. 

In alkaline solution, proteins yield a violet 
color with copper, the so-called Biuret reaction. 
This has been proposed as a test for protein, 
but the test ean not be applied directly to milk, 
because lactose interferes. Because the lactose 
must be removed by dialysis, or the protein must 
be separated by precipitation, washing, ete., 
the test is not as quick and simple as we would 
like. 

Protein may be estimated by means of the 
formaldehyde titration. Many modifications of 
this procedure have been proposed and many 
names are associated with these modifications: 
Sorensen, Walker, Pyne, Steinegger. In its 
simplest form, the milk is first adjusted to a 
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pH. near 8.3. Neutral formaldehyde is added. 
The mixture becomes acid as the formaldehyde 
reacts with the amino groups of protein. The 
number of free amino groups can be estimated 
by titrating back to the original pH. This titra- 
tion can be used as a measure of total protein, 
but the conversion factor depends upon the 
relative amounts of casein and noneasein protein 
in the milk. This ratio is not constant. In 
particular, it varies with the stage of lactation 
(20). Fairly good results can be obtained when 
testing mixed milk, though some advise that 
the conversion factor be adjusted for seasonal 
changes. The method is much less satisfactory 
for testing the milk of individual cows because 
of the much greater variation in ratio of casein 
to whey protein (22). The method has other 
disadvantages. It is based upon a small titration 
between two end points which are not very 
sharp. The uncertainties in the two end points 
are rather large in comparison with the total 
measurement. 

The most promising of the new tests are 
based upon methods proposed almost simulta- 
neously by Schober and Hetzel (21) and by 
Udy (23). In dilute solution, milk proteins 
are soluble in acid solution forming polyvalent 
cations. Some acid dyes can react with these 
cations to form an insoluble precipitate. The 
quantity of protein can be estimated from the 
amount of dye precipitated and this can be 
measured colorimetrically. Schober and Hetzel 
used the dye Amido Black 10B (Merck, Ger- 
many). Udy used Orange G, which is readily 
available in this country. More recently, Buffalo 
Black has been recommended for the determina- 
tion of milk protein (24).’ 

These methods have attracted much attention. 
They are new. We may expect improvements 
in them, but even in their present form the 
standard deviation from the Kjeldahl is very 
low, approximately .05%, and this is satisfac- 
tory for many purposes. A new laboratory was 
opened recently in Holland using the Amido 
Black method (13). They began testing 5,000 
samples per day with 12 persons. The labora- 
tory was planned to have a capacity of 15,000 
samples per day. 

We may expect improvements in these meth- 
ods. At present, it is necessary to add a rather 
large excess of dye to insure complete precipi- 
tation. This excess makes precise color measure- 
ments more difficult. We must measure small 
differences in color in the presence of a large 
excess of color. Perhaps we can find dyes form- 
ing compounds of greater insolubility, so that 
a smaller excess of dye may be used. 

At present, the dyes on the market are far 
from pure. In general, we do not know the 
nature of the impurities, or how they affect the 
test. Before we can use these methods as a basis 


*Amido Black 10B and Buffalo Black appear 
to be trade names for naphthol blue black. 
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for payment, it will be necessary to have some 
eontrol of the purity of the dyes, or else assur- 
ance that the impurities have no effect upon the 
results of the test. 

If we undertake to guide our breeding pro- 
grams by means of protein tests, enormous 
numbers of samples will be involved. So far 
as possible, this testing must be mechanized 
to cut down operating costs. The details of 
this will depend upon the method chosen for 
testing, but the Technicon instrument developed 
in this country shows what can be done along 
the lines of mechanization (14). That instru- 
ment can be adapted to many analytical pro- 
cedures. It is entirely automatic, and it is 
capable of making from 20 to 60 analyses per 
hour, depending upon the method. 

In closing, | would like to make one sugges- 
tion. Before we adopt any test to be used as a 
basis for payment, we must be sure that it is 
highly reproducible in different laboratories. 
It is not enough that the test be reproducible 
in the same laboratory. I can make the same 
mistake not once but many times. Others can 
do as well. To discover all of the pitfalls in a 
method, it is essential that different laboratories 
work independently, using the same samples. 
In my opinion, no conclusions about the repro- 
ducibility of a method are valid unless this is 
done. If such a project is undertaken, I would 
be glad to share in the work. 
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FACTORS AFFECTING THE 


SOLIDS-NOT-FAT COMPOSITION OF MILK 


J. 
Department of Animal Industry, North Carolina State College, Raleigh 


Following a long period when fat has been 
the major milk constituent, attention has begun 
to focus on the protein, and even the lactose 
and mineral content, of milk. In some areas 
concern has arisen because milk supplies have 
failed to satisfy minimum standards for legal 
milk. Remedying these situations has been an 
expedient, but there also has been a growing 
conviction that the nutritional properties of 
milk and its competitive position with other 
foodstuffs can be enhanced by increasing cer- 
tain of the solids-not-fat (SNF) constituents. 

In appraising the opportunity to improve 
the quality of milk, the important roles which 
both the genetic and environmental elements 
ean play must be recognized and understood. 
Approaches to inerease the important constitu- 
ents in milk by breeding or feeding and man- 
agemental regimes must, of necessity, be com- 
plementary. In the genetic analysis of milk 
composition the importance of accounting for 
general environmental factors is well recog- 
nized. Workers have, insofar as possible, at- 
tempted to separate the confusing environ- 
mental contribution to the total relationships, 
so as to see more clearly the genetic influences. 
Present information suggests that there also 
should be a cognizant awareness of the genetic 
influences on SNF when the assessment of 
nongenetie influences is undertaken. 

Earlier reviews of factors affeeting milk com- 
position have been presented by Johansson and 
Claesson (21) and by Larson (25) and Tyler 
(35). As the fat content of milk has received 
a major share of attention almost since the 
beginning of this century, the present sum- 
mary will deal mostly with the SNF constitu- 
ents of milk. However, information regarding 
fat percentage will be iniected where it can 
assist in clarifying comparative and interre- 
lated associations. 


ENVIRONMENTAL INFLUENCES 


Season and climate. The influence of season 
and climate are difficult to separate from nu- 
tritional factors. In addition, studies involving 
herd milks have suffered from the confusing 
impact of stage of lactation when seasonal 
ealving was practiced. Studies both in the 
United States (11, 32, 40) and in Europe (4, 
18, 38) have shown that the SNF content in 
June and July are rather consistently lower 
than in other months of the year. The lactose 
content generally was highes*+ when the protein 
content was lowest, and vice versa. Nonethe- 
less, when the average composition is compiled 
for a cow’s entire lactation, each lactation ex- 


tends over the greater part of the year and 
=. of calving differences are usually small 
(30). 

Some work has definitely pointed out that 
SNF can be lowered by high environmental 
temperatures. In controlled climatie chambers, 
Cobble and Herman (10) found that SNF con- 
tent decreased as the temperature rose above 
90° F. The chloride content increased and the 
lactose content decreased. Lowering environ- 
mental temperatures from 50 to 5° F. produced 
an increase in fat and SNF, but there was no 
appreciable change in chloride or lactose con- 
tent. Presumably, environmental temperatures 
from 30 to 70° F. do not appreciably influence 
the composition of milk. Likewise, variations 
in humidity do not appear to influence milk 
composition when the temperatures are below 
75° 

State of lactation becomes most important 
when the influence of certain factors on SNF 
are being examined in short-term experiments. 
The content of total solids, SNF, and protein 
drop rather precipitously after the first test 
for the lactation, reaching a low value by the 
second month in lactation. Most data show a 
reasonably level picture for SNF during the 
second to the fifth month of lactation, with a 
gradual rise being displayed toward the end 
of the laetation (3, 6, 26, 38, 39). Lactose con- 
tent is highest at the beginning of the lactation 
and declines linearly during the remainder of 
the lactation (38). 

Gestation also can make an important con- 
tribution to the change in SNF during lac- 
tation (17). Bartlett (6) and Wileox et al. 
(40) found that the content of SNF rose be- 
ginning with the fourth or fifth month of 
gestation. Bailey (3), working with the same 
herd as Bartlett (6) but at a more recent date, 
found that SNF showed a tendency to rise 
by the second and third months of pregnaney. 
However, the steep ascent of the composition 
eurves began at about the fourth month after 
successful service. It was particularly evident 
in the material reported by Wileox et al. (40) 
that the rise in SNF during the later part of 
the lactation was practically negligible for 
those cows which were open. 


Age of cow. The decline in SNF percentage 
with advancing age or lactation number is ap- 
proximately twice the magnitude of the decline 
in lactation fat percentage. A summary of 
five studies (2, 6, 30, 39, 40) has shown declines 
in SNF ranging from 0.21 to 0.45% during 
the first 7 yr. of lactation. Politiek (29) re- 
ports that the decline in SNF with age in his 
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data must be ascribed to a decrease in lactose 
content. This general observation held for the 
data reported by Robertson et al. (30). How- 
ever, their more detailed analysis indicated 
that while crude protein did not change much 
with age, the casein percentage declined during 
the first seven lactations almost as much as 
the lactose (30). Hence, there is circumstantial 
evidence that the whey protein or nonprotein 
nitrogen fraction increases with advancing lac- 
tation number. 

The percentage of variance due to age influ- 
ences for the several milk constituents as found 
by Robertson et al. (30) are as follows: Milk 
yield, 27%; fat percentage, 5%; S.N.F., 18%; 
crude protein, 4%; casein, 11%; and lactose 
23%. All of the reported age changes must 
be considered in the light of the selection which 
has taken place in the populations analyzed. 
In most cases selections probably were made 
on the basis of milk yield which, as will be 
pointed out later, has rather consistently shown 
small negative phenotypic correlations with milk 
constituents. Hence, some of the observed age 
change could have been induced by culling on 
level of milk yield. The part played by age 
per se is further confused by the possible in- 
fluence of udder deterioration through normal 
usage, and the increasing incidence of mastitis 
with advancing age. 

Feeds and plane of nutrition. Reports of at- 
tempts to alter the fat content of milk through 
feeding are numerous, but current information 
on the influence of specific feedstuffs on SNF 
is most limited. There is reasonably abundant 
evidence to demonstrate that the percentage 
of SNF is substantially influenced by the 
energy content of the diet. Feeding rations 
with 25% less than normal energy require- 
ments resulted in a decrease in SNF, of which 
most of the decrease was attributable to pro- 
tein change. In other experiments, feeding 
only 40% of a normal ration for 6 wk. at the 
beginning of the lactation resulted in a de- 
crease in the average SNF for the entire lacta- 
tion (14). Even reducing energy intake by 
10 or 20% of normal requirements depressed 
the lactation average for protein percentage, 
but no appreciable change resulted in lactose 
content (14). Several other workers (15, 28) 
have pointed out that underfeeding may reduce 
the SNF percentage by as much as 0.30 to 
0.40. Generally, the results from underfeeding 
have been in agreement in showing that the 
protein content is suppressed somewhat more 
than is lactose. 


Holmes et al. (20) have reported that SNF 
increased rapidly from 8.3 to 8.6% in Ayr- 
shires when the concentrates in the ration were 
increased from 0 to 4.6 lb. per gallon of milk 
produced. Burt (9) has also shown that SNF 
content may be inereased by feeding above the 
normaly recommended British standards. How- 
ever, feeding excess protein did not appre- 
ciably alter the protein content, but the non- 


protein nitrogen content was enhanced (33). 


As was suggested earlier, some of the sea- 
sonal variations in SNF may be traceable to 
changes in feeding. When cows are allowed 
fresh pasturage the SNF increases, mainly due 
to an increase in the protein percentage (29). 
Rook et al. (31) have reported that SNF in- 
creased within four days after initiating graz- 
ing and the increase reached a peak at six 
days. An increase in casein constituted the 
most important change in protein, and the 
lactose content was not appreciably influenced. 
Bartlett and Hutton (7) have suggested that 
the increase in SNF which oceurs when cows 
are turned on young pasture may be due to 
the estrogenie activity of certain grasses. Fol- 
ley et al. (16) ave shown that injected or 
implanted estrogens increased the total solids 
content of milk, but their results agree with 
Browning et al. (8), in reporting no significant 
effect from feeding diethylstilbestrol. 

Although the information is not extensive, 
different sources of carbohydrate feeds do not 
appear to influence the SNF content (5). 
Within reasonable limits, changing the rela- 
tive proportion of concentrates to hay does 
not markedly alter SNF percentage (5). How- 
ever, in two trials with 69 cows, Dijkstra (12, 
13) has reported that milk yields, SNF, and 
the protein content of milk were depressed 
when grass silage in contrast to hay was fed 
as the sole roughage. Much additional well- 
planned work is desired on nutritional influ- 
enees on SNF. 

Disease. Mastitis milk generally has been 
characterized by lowered protein and lactose 
content, but with a notable increase in chlo- 
rides. Waite and Blackburn (37). have also 
found that SNF and lactose decreased by 0.25 
and 0.38%, respectively, as the total leucocyte 
count increased to 500,000 per milliliter. Ca- 
sein content declined when the cell counts ap- 
proached 1,000,000 per milliliter. Milk samples 
studied did not include those containing clots 
associated with clinical mastitis. The rise in 
body temperatures accompanying certain dis- 
ease conditions is associated with an increase 
in fat percentage and a decrease in milk yield 
and SNF content (23). 


GENETIC INFLUENCES 


Our current approach to the genetic improve- 
ment of traits, e.g., the composition of milk, 
requires a thorough appraisal of the existing 
genetic and environmental relationships both 
between and within breeding groups. Breed 
differences in SNF have long been recognized, 
but the economic emphasis on fat content and 
the lack of satisfactory field procedures for 
determining the composition of SNF deterred 
the study of variation within breeds. 

Breed differences. The summary of breed 
differences in the composition of milk which 
Turner (34) prepared has been used widely 
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TABLE 1 


Breed differences in the percentage composition of milk 


"Armstrong a ) 


Breed" Fat Protein Lactose Ash T.S S.N.F Fat S.N.F. 
A 4.00 3.53 4.67 0.68 12.90 8.90 4.15 8.96 
BS 4.01 3.61 5.04 0.73 13.41 9.40 4.02 9.39 
G 4.95 3.91 4.93 0.74 14.61 9.66 4.99 9.32 
H 3.40 3.32 4.87 0.68 12.26 8.86 3.49 8.61 , 
J 5.37 3.92 4.93 0.71 14.91 9.54 5.51 9.49 
Range 1.97 0.60 0.37 0.06 2.65 0.80 2.02 0.88 


* A, Ayrshire; B.S, Brown Swiss; G, Guernsey; H, Holstein-Friesian; J, Jersey. 


to depict breed averages. These values are based 
on early information from small numbers of 
animals and they may not be representative 
of the breeds, since genetic variation within 
each breed thus far studied has been sizable. 
More recently, Armstrong (1) summarized the 
literature from Canada and the United States 
bearing on the composition of milk from the 
dairy breeds. Even this review failed to un- 
cover sufficient samples which had been ana- 
lyzed for all constituents to provide a satis- 
factory basis for breed comparisons. However, 
the information summarized by Armstrong (1) 
includes some more recent data and the values 
for fat and SNF percentages are included as 
a portion of Table 1. 

In reviewing the information in Table 1, it 
is evident that the range of breed variation 
is limited for both ash and lactose. Fat con- 
tent varies more than any other constituent, 
and most of the variation in SNF is accounted 
for by variation in protein content. Arm- 
strong (1) concluded that over the past 50 yr. 
inereases both in fat and in SNF content have 
occurred. 

Intra-breed genetic variation. The probable 
response of a trait to selection pressure is a 
function of the nature and magnitude of its 
hereditary variation, often incompletely summed 
up as its heritability, and its genetic and en- 
vironmental inter-relationships with other traits. 
For dairy cattle, heritability and genetic and 
environmental inter-relationships are most con- 
veniently estimated from the daughter-dam re- 
gression and by an assessment of the variation 
between paternal half-sisters. There is a glar- 
ing paucity of data which is satisfactory for 
such genetic analysis of SNF. 


Reports (19) based on identical-twin infor- 
mation have pointed out genetic variation in 
milk composition, but estimates of heritable 
relationships are not directly comparable to 
results from daughter-dam and paternal half- 
sister analyses. Several reports, each based on 
limited observations, are now available (Table 
2). The most complete study is the one re- 
ported by Robertson et al. (30) from data 
compiled for 814 Ayrshire cows. It can be 
noted that the reported estimates of heritability 
are reasonably high, and agree remarkably well, 
considering the divergency in the source of 
material and the paucity of data in many in- 
stances. The values reported by Lankamp (24) 
and Politiek (29) are higher than the others, 
possibly as a result of some contribution from 
herd influences. 

Evaluation of the potential for changing the 
milk constituents must also take into account 
the magnitude of the variation in each con- 
stituent within breeding groups. Information 
is most limited here, but a summary of perti- 
nent phenotypic standard deviations where they 
have been given is presented in Table 3. Again, 
within breeds the trend is for fat to be most 
variable, followed by SNF, protein, and lac- 
tose, in that order. 

Phenotypic and genetic inter-relationships. 
A negative phenotypic correlation between lac- 
tation milk yield and fat percentage of ap- 
proximately —0.20 is rather generally accepted. 
A negative relationship of about the same mag- 
nitude appears to exist for the SNF constitu- 
ents (30), since the phenotypic correlations of 
SNF, protein, and casein with milk yield range 
from —0.08 to —0.26. A tendency for high- 
yielding cows within the breed to produce milk 


TABLE 2 
Heritability estimates for milk constituents 


Breed* Fat S.N.F. Protein Lactose Source of data 

A 0.32 0.53 0.48 0.36 Robertson et al. (30) 

0.50 0.45 Von Krosigk et al. (36) 

H 0.75 0.70 0.75 0.70 Politiek (29) 

H 0.72 0.83 Lankamp (24) 


“A, Ayrshire; B.S, Brown Swiss; G, Guernsey; H, Holstein-Friesian; J, Jersey. 
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TABLE 3 
Intra-breed standard deviations for milk constituents 
Breed Fat S.N.F. Protein Lactose Source 
Ayrshire 0.35 0.26 0.20 0.17 Robertsen et al. (30) 
Holstein 0.26 0.18 0.17 0.12 Politiek (29) 
Holstein 0.22 Lankamp (24) 


0.36 


which is slightly lower in the various constitu- 
ents would be expected. 

Phenotypic correlations of fat content with 
SNF and protein were both near 0.40 in data 
of Robertson et al. (30). Johnson (22) re- 
ported positive correlations of 0.35 between fat 
eontent and SNF, and Politiek (29) found 
the correlation between fat and protein to be 
above 0.50. Fat and lactose content appear to 
be positively correlated with values of 0.11 
(30) and 0.16 (29) reported. In summary, 
the phenotypic correlations between the per- 
centage content of fat, SNF, protein, and 
casein appear to be positive and of the order 
of magnitude of 0.35 or above. 

The genetic correlations between milk con- 
stituents which have been reported by Robert- 
son et al. (30) are presented in Table 4. John- 
son (22) has also reported positive genetic cor- 
relations between SNF and fat percentage, al- 
though the data were too few to suggest more 
than the sign of the relationship. O’Connor 
(27) reported that the genetic correlation be- 
tween SNF and fat percentage was 0.40, 
agreeing closely with the value reported by 
Robertson et al. (30). 

The statistical reliability of estimates of the 
genetic and phenotypic parameters is consid- 
erably less than is desirable, and estimates for 
all breeds are not available. Furthermore, in- 
formation on herd influences and possible geno- 
type and environmental interactions is most 
meager. Yet, we can briefly consider the con- 
sequences of selecting for SNF or protein con- 
tent by drawing on the statistics which have 
been presented. If selections were made on 
SNF so as to increase the SNF content by 
0.30%, about one standard deviation, fat per- 
centage would be expected to increase by ap- 
proximately 0.17%. The 0.30% inerease in 
SNF would represent an equivalent change of 
about 0.20% in protein content. If the inter- 


relationships between the percentages of fat, 
SNF, and protein as determined in future 
studies are as strong as present information 
suggests, some increase in fat content will 
rather consistently be expected as_ selection 
pressure is applied to increase SNF or protein. 
Some decline in milk yield also may be antici- 
pated as the genetic level for SNF is increased, 
but the expected decline on the basis of current 
information would not be excessive. Moreover, 
it should be recognized that the total yield of 
SNF ean be enhanced most rapidly by increas- 
ing milk yield, even though the percentage 
composition of the individual constituents may 
decline slightly. 


SUMMARY 


Evidence has been summarized from pub- 
lished studies which bear on the genetic and 
environmental influences on SNF composition 
of milk. Reports concerning the influence of 
season and climate, stage of lactation, and age 
of cow appear to be consistent enough to point 
out the general nature of the relationships. 
There is a pressing need for solid information 
on the nutritional influences on SNF, both 
from a fundamental and from a practical stand- 
point. The reasons for specific nutritional 
and physiological responses still are largely 
unexplained. 

Breed and sire differences for SNF constitu- 
ents, broadly suggesting that part of the varia- 
tion in milk composition is genetic, have been 
known for some time. Within the past 5 yr. 
preliminary estimates of genetic parameters, 
e.g., heritabilities and genetic correlations, have 
suggested that selection for SNF constituents 
should be effective. However, more precise in- 
formation is sorely needed regarding the mag- 
nitude of both genetic and environmental pa- 
rameters, so as to assist in developing breeding 
plans as soon as the long-range market re- 


TABLE 4 
Intra-herd phenotypic and genetic correlations from Robertson ef al. (30) 

Yield Fat S.N.F. Protein Casein Lactose Ash 
Yield —0.14 —0.18 —0.26 —0.20 0.08 —0.05 
Fat —0.01 0.40 0.42 0.43 0.11 —0.03 
S.N.F. —0.02 0.46 0.81 0.87 0.50 0.12 Phenotypic 
Protein 0.22 0.48 0.94 0.93 —0.01 0.10 correlations 
Casein 0.05 0.56 0.82 0.96 0.17 0.00 
Lactose —0.16 0.37 0.67 0.41 0.41 —(0.28 
Ash —0.10 —0.42 —0.32 —0.10 —0.24 —0.86 
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quirements for individual SNF constituents are 


known. 
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REGIONAL PROJECTS AND AN EXTENSION VIEWPOINT 


Stranuey N. Gaunt 
Department of Dairy and Animal Science, University of Massachusetts, Amherst 


A. Regional projects 

Interested workers met at the 54th Annual 
Meeting of the American Dairy Science Asso- 
ciation in 1959 at Illinois and appointed a 
committee’ on milk solids research work com- 
posed of a representative from each of the 
four regions, Southern, Northeastern, North 
Central, and Western. The functions of this 
committee are: (1) to serve as an interim 
committee until formalization within some 
framework of the Land Grant College Associa- 
tions has been accomplished; (2) to promote 
the formalization of the interregional effort; 
(3) to have each representative of the com- 
mittee work with project leaders to implement 
and coordinate the cooperative effort in his 
region; (4) to implement and coordinate the 
cooperative effort nationally; (5) to develop 
standardized procedures for quantitative de- 


J. E. Legates, W. J. Tyler, R. E. Erb, N. D. 
Bayley, Secretary, S. N. Gaunt, Chairman. 


termination of milk constituents and collection 
and processing of data. 

Actions taken by the committee include: 

(1) The recommendation that the study should 
include 1,500 cows for each region of each of 
the five major dairy breeds or 6,000 cows per 
year from each of the five breeds. 

(2) A study of methods for measuring solids- 
not-fat, namely the Watson Lactometer and 
the Golding Plastic Bead, compared with the 
Gravimetrie-Mojonnier. The following is a sum- 
mary of comparison of these three methods at 
five experiment stations. 

Some difficulty was encountered in using the 
Gravimetric method. This method should be 
used only by skilled operators according to 
A.O.A.C. procedures. The Watson Lactometer 
and the Golding Plastic Bead methods were 
approved as acceptable methods for this coop- 
erative project, along with the official A.O.A.C. 
procedure using the Gravimetric-Mojonnier. 

(3) A study of methods of measuring pro- 


Summary of means, standard deviations, and correlation for three methods of determining 
solids-not-fat 


Standard deviation 


Means 
No. lae- Lae- 
obser- Gravi- tom- Gravi- tom- 

Breed vations metric eter Beads metric eter Beads 
Ayrshire 150 8.92 8.90 8.98 Al re 40 909 .842 .898 
Guernsey 194 9.16 9.15 9.15 50 39 4 .816 741 871 
Holstein 197 9.27 9.31 9.34 46 36 39 .748 .718 920 
Jersey 233 8.78 8.75 8.73 A9 ST .39 711 .685 914 
Brown Swiss 200 9.69 9.71 9.80 45 38 36 646 .647 .818 
Milking Shorthorn 45 8.57 8.51 8.56 52 AT 51 945 936 977 


a, = Gravimetric. 
= Lactometer. 
= Plastic beads. 
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teins, namely Orange G Dye and Formol Ti- 
tration. Work at three stations gave correla- 
tions between Orange G Dye and Kjeldahl of 
0.956, 0.98, and 0.98, and Formol Titration of 
0.96, 0.83, and 0.86. Both Orange G Dye and 
Formol Titration have been approved as ac- 
ceptable methods for this cooperative research 
project, along with the official A.O.A.C. 
Kjeldahl. 

(4) An agreement that the data would be 
pooled only on a lactation basis. The data 
obtained from the monthly reports would re- 
main at the individual stations. It was also 
agreed that the accumulation of the lactation 
data would be carried out by each region ac- 
cording to procedures agreed upon in that 
region. The pooling and analysis procedures 
on an inter-regional basis would be worked 
out at a later date. Minimums regarding data 
requirements were developed and a form for 
reporting the information. USDA’s Agrieul- 
tural Research Service is printing these forms 
for distribution to cooperating stations. 

(5) Concentrated efforts toward the estab- 
lishment of regional research projects. The 
status is—in the Southern Region this project 
is being incorporated in a revision of their 
existing Southern Regional Dairy Cattle Breed- 
ing Project. In the North Central Region it 
will be carried on within the framework of the 
North Central Regional Dairy Cattle Breeding 
Project. In the Western Region a_ regional 
project has been proposed and a technical com- 
mittee appointed. In the Northeastern Region 
a regional project has been proposed, but a 
technical committee has not been established. 

(6) Work toward support of projects. As 
yet, to our knowledge, no federal funds for 
this work through regional projects set up or 
contemplated have been allocated for any of 
the four regions. However, we are requesting 
regional support again and wish you would 
do likewise. Other possible sources of funds 
have been discussed and are being investigated. 

(7) Cooperating in arranging for and hold- 
ing this symposium on Milk Solids. 


B. An extension viewpoint 


The dairy industry is at an important cross- 
roads. The road of the past and present has 
been and is based on a pricing system and, 
consequently, breeding systems geared to butter- 
fat. The other road, a newer one, is built on 
the nutritional aspects of milk, particularly 
the nonfat portion, and is receiving increasing 
attention. Current trends away from the high 
fat foods toward high protein diets are well 
established. Butterfat has lost much of its 
consumer appeal. 

The industry needs to take this new road and 
with it an appropriate pricing system. At the 
same time, in order to utilize effectively this 
new structure and its market opportunities, 
more basic information is needed. Specifically, 
knowledge on the control of the production of 
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these solids-not-fat (SNF) components is 
meager. It is to meet this need that we have 
launched this nation-wide effort to establish 
regional projects and to coordinate them. 

Industry needs to take a positive approach. 
It is our feeling that milk should be sold on 
a positive basis—on its most valuable nutrients, 
especially protein. The psychology of this in 
itself, as it filters through the entire industry 
and the public, could give the dairy industry 
a big boost. 

We believe, to encourage the production of 
these more desirable components, that the price 
paid should be the same for the last ounce of 
SNF or protein as it is for the first. Certainly, 
it is just as valuable nutritionally. Further, 
recent research has shown that milk with the 
SNF content stepped up as much as 10-12% 
had the highest consumer acceptability. In 
fact, skimmilk with added SNF, a relatively 
new product, is being consumed in rapidly in- 
creasing quantities. In 1959, sales of fortified 
skimmilk in 61 markets amounted to 465 mil- 
lion pounds. This represented 2.9% of all 
the milk beverage sold in these markets, ac- 
cording to the Agricultural Marketing Service 
of USDA, and was a 23% increase over 1958. 

The present price differential for fat per- 
centage has encouraged the production of low- 
fat milk. This, in turn, has lowered SNF and 
protein percentages since, on the average, there 
is a correlation of about 0.4 between fat per- 
centage and SNF and approximately the same 
between fat and protein. This has created a 
problem in some markets, with the SNF con- 
tent lower than minimum state requirements. 

If cows were selected and milk sold on an 
SNF or protein basis, there would be a ten- 
dency for fat to go up, too. However, limited 
information indicates some cows vary from 
this. How much is one of the things we need 
to know. It may be that SNF or protein can 
be increased on many animals without mate- 
rially increasing butterfat percentage. How- 
ever, even if fat does go up some with the 
higher SNF or protein, the fat can be removed 
or SNF added to the point of maximum de- 
sirability for the market and the producer paid 
for the SNF and protein. 

One can make a strong case for testing and 
selecting cows for protein alone, because of its 
high nutritional value and the fact that it re- 
quires just one test rather than two, as with 
SNF. Further, the need for high biological 
protein is world-wide and milk supplies it at 
low cost. This is important, because the aver- 
age quart of milk contains enough protein to 
supply about 45% of the human’s daily re- 
quirements for protein. Limited work to date 
indicates that protein varies considerably and 
that it contributes more to the variation of 
SNF than lactose. Further, this evidence indi- 
cates that these differences are highly heritable 
and if so, the protein content of milk could 
be inereased by breeding. 


4 
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Dairy cattle breeders urgently need genetic 
information on the SNF and protein content 
of milk, to make intelligent decisions about 
changing their selection practices to meet the 
new importance of these constituents and 
further market changes. The availability of 
this information could result in widespread 
changes in the programs of the nation-wide 
dairy herd improvement associations, the sev- 
eral purebred dairy cattle associations, and the 
artificial breeding associations. 

Product composition, product yield, and proe- 


essing problems are directly involved with SNF 
constituents. For example, problems related to 
yield and properties of Cottage Cheese, cream, 
evaporated milk, milk powders can be ap- 
proached on a sounder basis if detailed infor- 
mation, including genetic data, is available on 
milk constituents. 

We are endeavoring to secure these data now 
in sufficient numbers on a uniform basis to 
give accurate answers. Since dairy cattle breed- 
ing is a slow process, this project needs full 
support, so that we may have this information 
very soon to meet the industry needs. 


FIELD TESTING FOR SOLIDS-NOT-FAT AND PROTEIN ! 


R. E. U. S. AsHwortn, anp L. J. Manus 
Department of Dairy Science, Washington State University, Pullman 


Three recent studies (15, 17, 21) show that 
consumers, when given a preference, select milk 
containing a higher percentage of solids-not-fat 
(SNF). This preference for SNF may go as 
high as 12-13%, even though the same per- 
centage of total solids is maintained with 
butterfat (21). 

One can easily visualize changes in methods 
of merchandising dairy products. Regardless 
of these changes, other than water, the basic 
nutrients in milk, on the average, will be pro- 
portionately the same unless altered by shifts 
to a single breed or by genetic¢ alteration of our 
cow population. We can also visualize that 
animal proteins will become deficient in many 
more areas of the world. Because the dairy 
cow can convert feeds unsuited for human 
consumption more efficiently than other ani- 
mals, we can expect more recognition for milk 
proteins. 

Perhaps butterfat content is emphasized in 
pricing, because those breeds producing milk 
high in butterfat generally have higher SNF 
also, and a financial reward is necessary to 
maintain the SNF in market milk at reason- 
able levels. If higher average SNF is desired, 
selection based on fat percentage is indirect 
and inefficient for the producer and the proce- 
essor. The positive relationship between SNF 
and butterfat percentage is largely a significant 
statistic because of genetic differences between 
breeds. When breed effects are removed the 
correlation between percentage butterfat and 
SNF is not nearly so impressive. Herds of 
the same breed and similar average butterfat 
content vary considerably in average SNF. 
While this generally balances out in a market- 
ing area because milk from many herds is 
mixed, the dairyman producing milk contain- 
ing more SNF in relation to its content of 
butterfat is at a disadvantage. 


‘Scientific Paper No. 1974, Washington Agri- 
cultural Experiment Station, Pullman. Projects 
1296 and 1378. 


Rapid tests for SNF and protein are ad- 
vantageous in a number of ways: Of immedi- 
ate importance is the opportunity to more pos- 
itively focus attention on milk’s most valuable 
asset, the protein. Other uses include selective 
breeding, pricing of milk based on total com- 
position, rapid determination of composition 
in certain manufacturing processes, and greater 
emphasis on protein-lactose ratios as they in- 
fluence palatability of milk and the manufac- 
ture and palatability of processed products. 
When we arrive at the point in this country 
where concentrate supplies for livestock pro- 
duction are minimal, we ought to have a dairy 
cow which produces a greater volume of milk 
protein in relation to other milk constituents. 
Essentially, this means proportionately more 
protein and proportionately less butterfat and 
lactose from available feed supplies. If this 
can be achieved by selective breeding, and we 
have every reason to believe it can, now is the 
time to determine what we can anticipate from 
selective breeding. Is it safe to assume that 
this job requires at least 50 yr., and that by 
this time we will not be enjoying food sur- 
pluses in this country? 

We believe that present methods are ade- 
quate for mass testing of individual cows and 
that we can successfully use these tests for the 
benefit of the dairy industry. The purpose of 
this paper is to describe our methods and their 
adaptation to mass testing of individual cows. 


METHODS FOR FIELD USE 


In an earlier paper during this symposium, 
methods have been discussed. Any remarks 
concerning methods, therefore, will be restricted 
to reasons why one or another is particularly 
adapted for field use. The first criterion of 
a suitable method is that it be simple and well 
within the range of understanding of those 
doing the work. Simplicity, ease, and rapidity 
of determination, along with low investment 
in equipment usually go together. Simple meth- 
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ods when used by unskilled technicians are 
often more accurate under these conditions than 
so-called laboratory methods whicn are recom- 
mended because of greater accuracy. Suitability 
of one method over another for field applica- 
tion can not be evaluated realistically by skilled 
laboratory technicians. In our opinion, far too 
little thought and time have been devoted to 
this aspect. 

The Babeock test, nationally accepted as a 
suitable test for milk fat, is sufficiently com- 
plicated that its application is often badly 
abused. Without a constant mechanism for 
education and checking equipment and oper- 
ators the method is often highly inaccurate. 
One needs only to refer to a voluminous litera- 
ture to realize that biases exist in reading the 
Babeock test, even between skilled operators 
(2, 13), and even though all other steps are 
taken precisely the same. Since the gravimetric 
assay for SNF also requires strict attention 
to details and, further, depends on an accurate 
milk fat determination, this well recognized 
method also has definite limitations. 

Lactometry has been used many years. Dur- 
ing its existence lactometry has been repeatedly 
subjected to about the same criticisms. Fleiseh- 
manu (7), toward the end of the nineteenth 
century, made the following statements: “Very 
considerable variations are to be found both 
in the specific gravity and in the composition 
of milk drawn even from the same cow at 
different times (morning, mid-day, and eve- 
ning). That there is relation between the spe- 
cific gravity of milk and its percentage of fat 
and solids is ciear; and it is obvious that these 
three factors are dependent on one another. 
It is open to question whether the ratio between 
these three factors is the same for all kinds 
of milk, and whether it holds universally true 
and is practically useful, and can be stated in 
a definite form.” Thus, 64 yr. ago Fleisch- 
mann recognized the problems still encountered 
when specific gravity is used for estimating 
SNF in milk. Since this early time many 
formulae for converting specific gravity read- 
ings to SNF have been published (8, 9). We 
now generally recognize that these will vary 
with the conditions of testing and the popu- 
lation of cows involved. 

Solids-not-fat. Some method of estimating 
SNF by measuring specific gravity of milk 
appears to be the only procedure simple enough 
for field use at present. Though there are many 
types of lactometers, the small lactometer of 
Watson (10, 14) and the plastie beads of 
Golding (6) appear the most practical. Com- 
pared with gravimetric assay, each has acecu- 
racy suitable for testing milk from individual 
cows. We have not used the small lactometer 
of Watson. However, we have compared the 
larger model requiring 8 oz. of milk with the 
plastic beads of Golding using gravimetrie as- 
say as the control measurement for SNF (6). 
On 300 milk samples from six breeds, the stand- 
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ard deviation from regression was 0.17% SNF 


for the lactometer and 0.18% SNF for the 
plastic beads. The linear correlation coeffi- 
cients were: a) lactometer vs. gravimetric 
SNF = .95; b) plastic bead vs. gravimetric 


SNF = .95; and ¢) lactometer vs. plastic bead 
SNF = .98 (6). Holstein milk showed the 
lowest correlation (r = .88) between the gravi- 
metric and bead methods of determining SNF 
(6). Legates (12) assembled data from five 
states on comparisons involving the lactometer, 
plastic beads, and gravimetric methods for 
SNF. Three of the five states showed good 
agreement between the gravimetric and the 
two density methods. These correlations were 
near those previously published (11, 14). The 
data from all five states showed high correla- 
tions for SNF determined by the lactometer 
or plastic beads. The combined data showed 
only slightly greater accuracy for the lactom- 
eter method; this result is in agreement with 
our earlier work (6). 

Protein-lactose ratios are different from breed 
to breed. Since the specific gravity of protein 
is lower than for lactose, milk above average 
in protein would tend to be estimated iow in 
SNF by a lactometric procedure. Of course, 
in the reverse situation SNF would be esti- 
mated too high (22). In our study, the SNF 
would be estimated 0.11% too low when the 
milk is 1% above average in protein (6). 
Since individual cows of the different breeds 
rarely have a range greater than 1% in 
protein, this does not cause undue concern. 
Under conditions where protein content also 
is known, this variable can be included in the 
conversion formula (6). 

Protein. Two methods have been successfully 
adapted to mass analysis in the Netherlands 
(18). One is the ammonia distillation method 
of Kofranyi and the other is dye binding with 
amido black. Orange G dye has been compared 
with the Kjeldahl procedure in the United 
States (1). The evidence is that these pre- 
cedures have high accuracy, are easily repro- 
duced, and simple to run (1, 16, 18, 20, 21). 
Our experience has been with dye binding 
using orange G dye. Compared with macro- 
Kjeldahl, the standard deviation from regres- 
sion was 0.078% and the correlation .98 (1). 
Vanderzant and Brown report no real dif- 
ference between Kjeldahl and ammonia dis- 
tillation procedures for determining milk pro- 
tein (18). These workers have also observed 
a correlation of —0.965 for protein determined 
by Kjeldahl and the optical density of residual 
Buffalo (amido) Black (3). Buffalo Black ap- 
pears to have an advantage over orange G dye 
because it ties up protein almost instantane- 
ously, with or without shaking, yielding an 
insoluble complex that can be separated easily 
and quickly either by centrifugation or 
filtration (3,18,19). 

Preseni farm procedures. Washington State 
University has developed an IBM-650 punch 
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card system for handling DHIA, DHIR, and 
owner-sampler testing (4,5). Rather than waste 
our precious counter space with estimated feed 
records other than grain, we incorporated pro- 
tein and SNF into the program. Our herds 
on DHIA may now, at their option, test their 
cows for SNF or protein with no additional 
charges for the added caleulations (5). 

Golding plastic bead jars are substituted 
for the usual sample jars and by DHIA super- 
visors. Milk is tempered in the usual way, and 
while cooling, a sample is pipetted for the Bab- 
cock test. When the milk has cooled to 68° F. 
the number of plastic beads on the bottom of 
the jar is recorded. One DHIA association is 
also testing for proteiu, using the orange G 
dye procedure (1). One-ounce plastie bottles 
with serew caps are sent into the field, each 
containing 25 ml. of the orange G dye—citrie 
acid solution (1). The DHIA supervisor, using 
an automatic syringe, samples 1.5 ml. of milk 
into the test bottles. The milk-dye mixture is 
stable for at least 2 wk., whether stored frozen, 
hauled in the back of a ear, left sitting exposed 
to light on a laboratory table, or ineubated at 
80° F. The DHIA supervisor delivers the sam- 
ples to our laboratory when in the Pullman, 
Washington, vicinity. Filtering and colorimet- 
ric determination is made by our laboratory 
technicians. Only preliminary work has been 
done with various colorimeters. This item of 
equipment is the most expensive; hence, we 
are looking for a simple, low-cost instrument 
that has sufficient sensitivity for a determina- 
tion accuracy of near 0.1% protein. 

The DHIA tester does not convert plastic 
bead readings to per cent SNF. Instead, he 
records only the number of sinking beads on 
the IBM monthly herd report. Our computer 
makes the conversion and if protein also is 
known this, too, is used in the conversion 
formula. 

The extra work of determining SNF and 
sampling for protein almost doubles testing 
time. We see no reason why the final steps 
of the protein test can not be done by the 
DHIA supervisor, provided he has a laboratory. 
Once the necessary equipment has been as- 
sembled and organized, the SNF and protein 
tests combined require little more time than 
the Babeock test for butterfat. We have not 
attempted automation, because none of our 
associations have a sufficient number of cows 
to justify the additional expense. 


PRELIMINARY FIELD RESULTS 


SNF and protein testing of individual cows 
was started in our state in November, 1959. 
Slightly over 2,000 cows on central processing 
are being tested each month for SNF. One 
association with nearly 800 cows is_ testing 
also for protein. An unknown number of cows 
not on central processing are tested for SNF. 
We are making no effort to gather data from 
these herds. The cost of doing this by hand 
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procedures is too great and the chances for 
transfer errors too high to merit consideration 
as a data source. 

Twelve Holstein herds with 650 total cows 
have completed 6 mo. of testing. The average 
SNF was 8.41% (range 8.53 for November to 
8.33% for March). The average for protein 
was 3.05% and for batterfat 3.83%. These 
values are very near those observed for 917 
milk samples from Holstein cows tested in 
July, 1959 (6). In this latter study, the aver- 
age SNF was 8.50% and the protein exactly 
the same, i.e., 3.05%. Butterfat averaged 3.62%. 

From November, 1959, to April, 1960, five 
Jersey herds were tested each month for SNF. 
They averaged 5.6% fat and 9.54% SNF. Pro- 
tein was not available on these herds. The 
average protein was 3.82% for 499 samples 
of Jersey milk studied during July, 1959 (6). 
Too few Guernsey herds are currently en SNF 
testing to justify reporting. However, our 
earlier data indicate that Guernseys are near 
9.0% SNF and 3.40% protein (6). 
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OUR ASSOCIATION 


INVITATION FOR NOMINATIONS FOR VICE-PRESIDENT AND 
DIRECTORS OF THE AMERICAN DAIRY SCIENCE ASSOCIATION 


K. L. Turk 
Chairman, Nominating Committee 
Department of Animal Husbandry, Cornell University, Ithaca, New York 


The By-laws and established policy of our 
Association specify that the membership be 
invited each year to suggest names of com- 
petent individuals from among the members 
of A.D.S.A. for the consideration of the Nom- 
inating Committee in selecting candidates for 
the offices of Vice-President and two Directors. 

Your Committee feels that to do an effective 
job of preparing a slate of officers it must 
have the assistance and full cooperation of 
the entire membership. You are urged, there- 
fore, to suggest the names of prominent, com- 
petent members who are willing to fill these 
important offices of our Association. 

Your Policy Committee believes that mem- 
bers who have served on committees of the 
Association, or as officers and committee mem- 
bers of the sections, have shown more than 
ordinary interest in Association work. They 
have had an opportunity to demonstrate to 
fellow members their ability and leadership 
and their willingness to give their time to work 
of the Association. These experienced workers 
should be especially well qualified to become 
candidates for nomination to Association of- 
fices of greater responsibility. 

Our Vice-President to be elected this year 
should come from the dairy production field. 
In making your suggestions please keep in 
mind that, if elected, your nominee will suc- 
ceed to the office of President the following 
year. As you consider suggestions for Vice- 


President certain desirable qualifications, in 
addition to personal ability, might be consid- 
ered, such as: previous service as a Director 
of A.D.S.A.; experience on the Journal Man- 
agement Committee or the Editorial Board; 
work on Association or Section Committees; 
administrative experience and leadership out- 
side of the Association; and a willingness to 
devote to the Association the considerable time 
and energy required by the responsibilities of 
the offices of Vice-President and President. 

The established policy of the Association is 
that selection of candidates for the offices of 
Directors shall be chosen to provide equal 
representation from the production, manutac- 
turing, and extension sections. Also, it is 
believed that occasionally a man from the 
commercial field, either in production or manu- 
facturing, should be nominated for an office. 

Our present group of Directors includes two 
from dairy production and two from dairy 
manufacturing whose terms continue next year. 
As a result, our nominations for the office of 
Director should come this year from the Ex- 
tension Section. 

In recommending candidates for the office 
of Director you might want to consider fellow 
members who have demonstrated an active and 
devoted interest in A.D.S.A. affairs. Members 
who have held section offices, committee chair- 
manships, or other important Association as- 
signments, will have received an insight into 
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some ot the financial, administrative, and or- 
ganizational problems of our Association. 

All suggestions for officers should reach the 
Chairman of the Nominating Committee not 
later than January 1, 1961. The Chairman 
will assemble the lists and then request a bio- 
graphical sketch from one of the nominators 
of each candidate. The Committee then will 
evaluate carefully the several candidates and 
will arrive at a final slate of two for each 
office. 

Your Committee urges you to give serious 
and careful consideration to the selection of 
new officers of our Association. The future 
progress of A.D.S.A. depends to a consider- 
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able extent upon the leaders elected to our 
highest offices. We want and need your help 
in selecting candidates from among the most 
highly qualified and devoted members. 

The membership of the Nomination Commit- 
tee is as follows: K. L. Turk, Department of 
Animal Husbandry, Cornell University, Ithaca, 
New York (Chairman); A. C. Fay, 1245 North 
Bay Shore Drive, North Miami, Florida; W. M. 
Roberts, Department of Animal Industry, North 
Carolina State College, Raleigh, North Caro- 
lina; C. L. Cole, Department of Dairy Hus- 
bandry, University of Minnesota, St. Paul, 
Minnesota; and R. E. Burleson, Federal Ex- 
tension Service, U. S. Department of Agri- 
culture, Washington 25, D. C. 


THE INTERPRETIVE SUMMARIES 


F. J. Doan, Chairman 
Journal Management Committee 


Department of Dairy Science, Pennsylvania State University, University Park 


The Interpretive Summaries section of the 
JoURNAL was introduced with the first issue 
of Volume 43 as a result of the recommenda- 
tion of the Committee on Publication Policy, 
concurred in by the Journal Management Com- 
mittee and authorized by the Executive Board. 
The motive was to give the large proportion 
of the A.D.S.A. membership, who are not en- 
gaged in teaching or research, a better appre- 
ciation of the research reported in the JoURNAL; 
its contribution to the pertinent body of knowl- 
edge; its possible immediate usefulness; and 
its implication for the future. It was also 
believed that this seetion would make the 
JOURNAL more attractive to potential members 
of the Association. 

Understandably, there has been considerable 
eriticism of the action. The Editor has taken 
the brunt of this, most unfairly, inasmuch as 
the Section was not his creation and actually 
complieated his already tedious work. On the 
other hand, many members have been favor- 
ably impressed by the Summaries, but have 
been less vocal than the objectionists. 

At the Utah meeting in June, the Executive 
Board approved the recommendation of the 
Journal Management Committee that the In- 
terpretive Summaries be published separately, 
as a quarterly pamphlet, to go to all members 
and a selected list of dairy periodicals, be- 
ginning with Volume 4!. The Board also 
authorized a survey to be made after 12 or 18 
months’ operation on this basis, to determine 
the attitude and will of the members relative 
to continuance of the Summaries. This deci- 
sion was made after it was found that a sepa- 
rate publication weuld be no more costly (if 
cheaper printing methods were employed) than 
present printing in the JourNAL It was also 
felt that this innovation would remove some 


of the objections to the present section in the 

JouRNAL. The first issue of the quarterly will 

probably appear in April, 1961. 

It has been pointed out many times that, 
in our modern society, the scientist has an 
obligation to explain and interpret the sig- 
nificance of his field of work and his research 
to his fellow citizens. It appears logical that, 
to an even greater extent, the dairy scientist 
should feel a responsibility for eniightening 
workers in the industry, particularly fellow 
members of A.D.S.A., concerning the meaning 
and implications of his research and its results. 
One way of accomplishing this is through the 
Interpretive Summaries. Consequently, they 
should be most carefully prepared by the 
author(s) with this objective definitely in view. 

Some of the summaries appearing in the 
JOURNAL have not met the objective as well 
as they might have, largely because the writers 
have seemingly failed to keep the intended 
readers in mind. Obviously, no outline can be 
followed strictly, because of the great diversity 
of papers, but in preparing the summaries it 
is felt that a number of points should be 
considered : 

1. The general object of the study, usually, 
should be stated or explained and related 
tc present knowledge or past findings. 

2. It may or mav not be desirable to describe 
the methods or procedures used. If it is, 
they should be stated in general terms, un- 
less specifics actually can be made use of 
by the industry. 

3. The significant results or conclusions should 
be mentioned and an attempt should be 
made to indicate how these enlarge the avail- 
able knowledge, substantiate or broaden pre- 
vious ideas, or how they conflict with them. 
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4. Any new concepts resulting from the work 
should be briefly explained. 

5. Any immediate usefulness of the findings 
should be emphasized or the possible future 
importance pointed out. 

6. Phases of the problem needing more study 
might also be noted. 


. The summary should be as brief and as 
concise as possible to make it. 
Of course, it is granted that some research 
reports may be so specifically scientifie or so 
highly statistical that they have no real mean- 
ing to anyone other than a scientist or statis- 
tician. Nevertheless, the author(s) should be 
able, at least, to explain to a layman what he 
was attempting to accomplish, why he wanted 
to do so, and to what degree he succeeded. 
No one can prepare, initially, an interpretive 
summary as well as the writer(s) of a paper. 
Obviously, he is more familiar with the work, 
the results, the conclusions to be drawn, and 
the background of previous knowledge into 
which the research fits. Afterward, some edit- 
ing for readability or popularization may be 
desirable. The author(s) should weleome this 
if it does not do violence to his statements and 
if it aids in accomplishing the ultimate object 
of the summary. 
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Examples of good summaries are those of 
Campbell and Phelps (page 286) and of 
Schmidt (page 291) in the February, 1960, 
issue of the JouRNAL and those of Day and 
Lillard (page 691) and of Boyd et al. (page 
699) in the May, 1960, issue. 

The preparation of a good interpretive sum- 
mary—one which will give the uninitiated a 
sound idea of the purposes and the accomplish- 
ments o: a research study—is a challenge and 
an opportunity and it should be accepted as 
such. In the end, the whole idea will stand or 
fall on the quality of the summaries published 
in the quarterly. The venture can be made a 
very worth-while part of the Association’s 
program. 

The Journal Management Committee hopes 
that the authors of papers accepted by the 
JouRNAL will be tolerant >f the interpretive 
summary requirement in the interest of a large 
segment of the A.D.S.A. membership. It further 
hopes that they will cooperate with the Editor 
in carefully writing the summaries and in 
getting *hem in on time. Finally, it hopes that 
the en‘.re membership of the Association will 
give tais whole matter careful thought and be 
prepared to express a meaningful opinion 
when the membership survey is made. 


DISTINGUISHED SERVICE AWARD OF THE AMERICAN DAIRY 
SCIENCE ASSOCIATION 


H. F. Jupkins, Seeretary-Treasurer 
White Plains, New York 


For some time the Executive Board has been 
considering an award for individuals who have 
rendered distinguished service in the dairy in- 
dustry, either in production or processing. 

A committee consisting of J. Hoffman Erb, 
The Borden Company, Columbus, Ohio; L. C. 
Moore, U. S. Department of Agriculture, Belts- 
ville, Maryland; H. B. Henderson, University 
of Georgia, Athens, and H. F. Judkins, ex- 
officio member, have formulated rules for this 
award which were approved by the Executive 
Board at the 55th Annual Meeting. In order 
that all members may become familiar with 
the procedures for this award and make nom- 
inations, the essential rules are as follows: 

I. Name 

Distinguished Service Award of the Ameri- 
can Dairy Science Association. 
II. Donor 

The American Dairy Science Association. 
III. Nature of the award 

The award consists of an appropriate cer- 
tificate. Allowance may be provided for travel 
expenses to the meeting where the award is 
made. 


IV. Purpose of award 
To recognize distinguished service to and 
outstanding achievements in the dairy industry. 
V. Recipients 
The Distinguished Service Award may be 
awarded to one person a year, but it may be 
awarded to not more than three persons in 
any one year. The award shall be given only 
when a worthy candidate(s) is available. 
As a guide to the areas for which the award 
may be made, the following are suggested: 
1. Leadership and promotion of quality in 
dairy products. 
2. Managerial success in a dairy venture. 
3. Development of leadership of people in 
the industry. 
4+. Leadership in the organization of state, 
national or of international dairy organi- 
zations. 
. Leadership in developing dairy corpora- 
tions or cooperatives. 
6. Leadership and promotion of legislation 
of benefit to the industry. 
7. Development and dissemination of infor- 
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mation to the publie related to the dairy 
industry. 

8. Promotion of sale of dairy products or 
dairy cattle. 

9. Development of dairy cattle breeds. 

10. Promotion of education in the dairy indus- 
try. 

11. Promotion or development of efficient farm 
practices related to dairy production. 

12. Development of a dairy product or a proe- 
ess which promotes the increased use of 
milk. 

13. Leadership in nutrition education relating 
to milk and milk products. 

14. Development of inventions, equipment, or 
mechanism procedures in the dairy industry 
for either the production or manufacturing 
field. 

15. Leadership in promotion and development 
of special plans affecting the dairy indus- 
try, such as marketing dairy products 
abroad, cow pool, DHIA testing, and arti- 
ficial insemination. 


VI. Eligibility for nomination 


1. A nominee may be a member or non- 
member of the American Dairy Science 
Association. 


2. May be of either sex. 
3. May be active in his field of endeavor or 
may be retired. 
4+. Must have made an outstanding contri- 
bution to the dairy industry, considered 
in the broadest meaning of service. 
VIL. 
A Distinguished Service Award selection 
committee shall be set up in the same way as 
the selection committees are organized for the 
other American Dairy Science Association 
awards, six members consisting of five voting 
and the chairman who has no vote. 


Selection committee 
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VIII. Nomination for the award 


1. Any active member in good standing, life 
member, or honorary member of the Ameri- 
can Dairy Science Association may make 
a nomination, except if such member is an 
the Selection Committee for the award. 

2. A member may nominate no more than one 
person in any one year for the award. 

3. Nominations are to be sent to the Secretary 
of the Association. 

4, Nominations must be in the hands of the 

Seeretary not later than December 15 of 

the fiseal year in which the award is to be 

made. 

Nominations should be accompanied by six 

copies of complete information on the nom- 

inee, as indicated in the nomination blank. 

6. In order that no outstanding candidate is 
overlooked, the Chairman of the award’s 
Selection Committee may contact the dairy 
department chairmen of the state univer- 
sities and colleges with curricula in dairy 


production and dairy manufacturing. He 
may contact also other society members 


known to be in a favorable position to evalu- 
ate outstanding leadership in the field of 
the award, publicizing the award and dead- 
line dates for submission of names and sup- 
porting data. The Secretary, in addition, 
may suggest to potential nominators, candi- 
dates who may have been overlooked. All 
nominations, with six copies of supporting 
data, must be in the hands of the chairman 
of the Selection Committee by February 1. 


IX. Presentation of the award 

The Distinguished Service Award shall be 
presented by the President of the Association 
as a part of the Awards Program held in con- 
junction with the Annual Meeting. 


X. A copy of the nomination and biographical 
sketch form to be used by nominators is 
as follows: 


DISTINGUISHED SERVICE AWARD 
OF THE 
AMERICAN DAIRY SCIENCE ASSOCIATION 


(To be furnished in six copies by nominator) 


College * Where degrees 
Date attended Degrees obtained 
7. Positions held 
Date Employer Type of position 
8. List of major activities and accomplishments in the dairy industry................0........... 
9. List of national or community interests and accomplishments .........0..0.000..000....00...0.00000000.. 


Notice of this award and nomination torms are being distributed with 1961 dues 


notices. Members do not need to wait for these. Nominations will be weleomed by the 
Secretary up to December 15, 1960. 


Note: Use separate sheet(s) of paper for Items 5 to 9. 
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CALL FOR PAPERS FOR THE 1961 ANNUAL MEETING OF 


THE AMERICAN DAIRY 


SCIENCE ASSOCIATION 


G. W. TRIMBERGER 
Chairman, Program Committee, A.D.S.A. 
Department of Animal Husbandry, Cornell University, Ithaca, New York 


The 56th Annual Meeting of the American 
Dairy Seience Association will be held June 
12-14 at the University of Wisconsin, Madison. 
Members who wish to present papers must 
submit titles and abstracts not later than March 
1. This deadline must be met to permit publi- 
eation of titles with the complete program in 
the May issue and abstracts in the June issue 
of the JournaL. Last year all but four ab- 
stracts arrived on time. If a large number 
of papers are suggested for presentation, those 
that arrive late may be assigned to be read by 
title or rejected entirely. 

Abstracts must contain no more than 200 
words by actual count. Abstracts longer than 
200 words cannot be accepted and will be re- 
turned to the author(s) by the Committee. An 
original (on bond paper) and three copies of 
each abstract must be typed double-spaced. 
The original and one copy should be mailed to 
the Chairman, another copy to the Vice-Chair- 


sented Eventually, the original copy will be 
sent to the Editor for publication in the 
JOURNAL. 

In the preparation of abstracts, the style 
and abbreviations of the JouRNAL oF Darry 
ScieNCE must be used. Please refer to abstracts 
in the June, 1960, issue of the JournaL for 
guidance. Only initials of authors should be 
used, except in unusual cases where it may 
be necessary to use the complete name. The 
title of the abstract should indicate clearly the 
nature of the research. It should not be re- 
peated again in the text. The abstract should 
include, insofar as possible, the design and 
major results of the investigation. Only com- 
pleted research should be reported. Brief, essen- 
tial statistics will make the data more 
meaningful. 

All members of the Association are entitled 
to present papers. Participation by members 
of the industry and by senior members of the 
Association is particularly encouraged. Atten- 
tion is called to the Dairy Manufacturing Ex- 
tension Section program, and members are 
urged to participate. This is a subsection of 
the Manufacturing Section for 1961. The com- 
petitive presentation of papers by graduate 
students, initiated in the Production Section 


*The procedures for preparing abstracts will 
apply also to abstracts submitted for the Eastern, 
Southern and Western Divisional Meetings of the 
American Dairy Science Association. Editor-in- 
Chief. 


in 1959 and in the Manufacturing Section in 
1960, will be continued in both sections. 


Papers submitted for the Annual Meeting 
should be confined to research that Las not been 
reported previously. Abstracts of research ar- 
ticles accepted for publication by a scientific 
journal before the annual meeting are not 
acceptable, because this constitutes a duplica- 
tion. The Program Committee favors the gen- 
eral policy that an individual present only one 
paper and that his name appear as author on 
no more than two. The Program Committee, 
together with the Association membership, 
wishes to stimulate vigorous, sound research 
and realizes that the above restrictions may 
penalize some members engaged in full-time 
research. Therefore, the Committee has lib- 
eralized this policy to the extent that a member 
ean exceed these limits, but only if he or his 
department rates the abstracts in order of 
preference for oral presentation. If the total 
number of papers submitted by the member- 
ship is too great to inelude in the program, 
the Committee will assign some papers to be 
read by title only. In this event, consideration 
will be given to quality of abstract and re- 
search reported therein, number of abstracts 
per author and department, and importance of 
the research reported. 

The Program Committee encourages contin- 
ued improvement in quality of papers and in 
oral presentation. Careful design of experi- 
ments and proper interpretation of results are 
necessary prerequisites. Strict compliance with 
the instructions for preparation of abstracts 
will simplify the task of the Program Com- 
mittee, and will improve the program. Careful 
editing of abstracts before submission is essen- 
tial. In the past too many abstracts have been 
lacking in this respect. 

All abstracts must be submitted on regular 
81% by 1l-in. paper. The following form, with 
no capitals for the title, is correct and is in 
accordance with the form used in 1960: 


Utilization of carbohydrates posterior to the 
rumen-reticulum of the bovine. J. T. Huber 
and N. L. Jacobson, Iowa State University. 


If the author lists an address for an experi- 
ment station other than the University, or a 
USDA research branch, or a commercial com- 
pany, then the complete address should be pro- 
vided, as presented in the following example 
from the 1960 program: 


A study of dye reduction methods as platform 
tests for the detection of antibiotics. Burdet 
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Heinemann, Producers Creamery Co., Spring- / Vice-Chairman: J. C. Thompson, Ralston Purina 


field, Missouri. 


Preparation of mimeographed copies of per- 
tinent data is desirable. At least 250 copies 
should be available for distribution. This can 
be supplemented by sliaes for projection on 
sereens, provided the author can adhere to the 
assigned time of 12 to 14 min. for presentation 
of each paper. 

Names and addresses of officers of sections 
to whom titles and abstracts should be sent are: 


EXTENSION SECTION 


Chairman: M. E. Senger, Department of Animal 
Industry, North Carolina State College, Raleigh. 
Vice-Chairman: W. R. Van Sant, Department of 
Dairy Science, University of Arizona, Tucson. 
Secretary: C. D. MeGrew, Department of Dairy 
Science, Ohio State University, Columbus, 10. 


PRODUCTION SECTION 


Chairman: S. D. Musgrave, Department of Dairy- 
ing, Oklahoma State University, Stillwater. 


Co., St. Louis, Missouri. 


Seeretary: L. H. Schultz, Department of Dairy 


/ Husbandry, University of Wisconsin, Madison, —_ 


MANUFACTURING SECTION 


Chairman: Burdet Heinemann, Producers Cream- 
ery Co., Springfield, Missouri. 

Vice-Chairman: M. L. Speck, Department of Ani- 
mal Industry, North Carolina State College, 
Raleigh. 

Secretary: D. M. Graham, Pet Milk Co., Research 
and Development Center, Greenville, Illinois. 


(The Dairy Manufacturing Extension Section is 
a temporary subsection in the Manufacturing See- 
tion. R. B. Redfern, Dairy Extension, North 
Carolina State College, Raleigh, is chairman and 
W. S. Arbuckle, Department of Dairy Husbandry, 
University of Maryland, College Park, is secre- 
tary. All abstracts for papers in the Extension 
Section should be submitted through the regular 
channels of the Manufacturing Section, but should 
be identified for presentation at Extension Sec- 
tion meeting and a courtesy copy be sent to R. B. 
Redfern.) 


BCOK REVIEW 


BIOCHEMISTRY OF PLANTS AND ANIMALS. AN 
Intropuction. M. Frank Mallette, Paul M. 
Althouse, and Carl O. Clagett. John Wiley and 
Sons, Ine., New York. 552 pp. 1960. 


This book represents a publication of three 
members of the Department of Agricultural 
and Biological Chemistry of the Pennsylvania 
State University. Although the book is essen- 
tially new, it originated from a previous pub- 
lication, Introduction to Agricultural Biochem- 
istry, by Dutcher, Jensen, and Althouse, pub- 
lished in 1951, which, in turn, was derived 
from another of the same name published by 
Dutcher and Haley in 1932. The authors state 
that the book is intended to provide a general 
knowledge of biochemistry for students with 
basie training in inorganic and organie chem- 
istry. Although it is intended primarily for 
students interested in the agricultural sciences, 
an effort has been made to orient the treatment 
broad enough for elementary courses intended 
for students from other disciplines. The sub- 
ject matter is divided into three main sections, 
general biochemistry, plant biochemistry, and 
animal biochemistry, with appropriate sub- 
headings, and concludes with an appendix con- 
taining some tables of nutrient requirements 
for human and farm animals and the chemical 
composition of common foods and feeds. 

The scope of subjects covered is enormous 
and provides excellent reading material. In 
no case is a penetration made into a subject 
with any degree of fine detail. Specific refer- 


ences do not appear in the text but some sug- 
gested general references do appear at the end 
of each chapter. In most eases these references 
are to textbooks themselves. Other than in the 
historical section at the beginning, which traces 
the origin of agricultural science and physio- 
logical chemistry, chiefly up to about the turn 
of the century, no mention is made of eminent 
contemporary biochemists working in the field 
today. It is uniortunate that students who 
read this text will gain no appreciation of 
some of the people who have made and are 
making eminent contributions in the field of 
biochemistry and of some ot the places where 
this work has taker place. 

The authors have done an excellent job in 
distilling involved concepts down to a level 
that should be readily grasped by the student. 
Unfortunately, the lack of suitable background 
by the students for whom the book is intended 
has resulted in the necessity of making many 
statements of fact, rather than logically de- 
rived conclusions that will be really understood 
and retained. Even with this handicap, the 
authors have done a creditable job. 

It is the reviewer’s opinion that this book 
should serve as an excellent text in those Col- 
leges of Agriculture that attempt to teach 
general biochemistry courses to large numbers 
of students with limited backgrounds. 


B. L. Larson 
University of Illinois 
Urbana, Illinois 
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BRUCELLA 


Isolation, Cultivation 
and Differentiation 


[ BACTO-TRYPTOSE 


is the peptone of choice in the 
preparation of both liquid and solid media for culturing Brucella 
abortus, melitensis and suis and supplies the nutriments required by 
these organisms for rapid and abundant growth. 


BACTO-TRYPTOSE BROTH 


is a complete liquid 
medium for culturing the Brucella and is especially adapted to the 
isolation techniques recommended by Huddleson and Castaneda. 


BACTO-TRYPTOSE AGAR 


supersedes media previ- 
ously employed for the isolation and cultivation of the Brucella. 
This medium serves ideally for the primary or secondary isolation 
of Brucella, for the differentiation of species and for vaccine or 
antigen production. It is also recommended for use as the solid 
phase in the Castaneda technique. 


THE DIFCO MANUAL, NINTH EDITION, 
including descriptions of these media and their use, 
is available on request. 


Specify DIFCO — the trade name of the pioneers in the research 
and development of Bacto-Peptone and Dehydrated Culture Media 


DIFCO LABORATORIES 


DETROIT 1, MICHIGAN 
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